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BIOCOMPATIBLE COMPOUNDS 
FOR PHARMACEUTICAL DRUG DELIVERY SYSTEMS 

The present invention relates to the use of relatively low molecular weight 
biocompatible polymeric compounds for pharmaceutical drug delivery formulations, and, 
in particular, to the use of such compounds as drug solubilizing and drug stabilizing aids 
and/or to provide sustained release of drug. 

Back2round of the Invention 

Biodegradable polymers have long been examined for their use in providing 
sustained release of drugs and have also been used to make biodegradable medical 
products. For example, polymeric esters of selected hydroxycarboxylic acids or their 
derivatives (e.g., lactic acid, glycolic acid, p-dioxanone, etc.) are known to be highly 
biocompatible with, and biodegradable in, the human body. Such polymers are degraded 
into their constituent hydroxycarboxylic acids, which are metabolized and eliminated 
from the body, over periods typically ranging from several weeks to several years. 
Consequently, compounds of this type have been utilized for such things as degradable 
sutures, preformed implants, and sustained release matrices. 

However, the biodegradable polymers in use for such purposes typically have 
average molecular weights of greater than 2000 and often as high as 50,000 to 250,000" 
(all molecular weights referred to herein are in daltons). This results in biodegradation 
rates that are generally too slow for situations requiring frequent application and/or 
where a biological half-life of less than a week down to several hours is desired (e.g., 
topical application to a wound or for inhalation therapy). Certain relatively low 
molecular weight polymers having a number-average molecular weight under about 1800 
may have sufficiently short biodegradation times for many such purposes, but have 
generally not been deemed suitable for most sustained release drug delivery systems. 
This is at least in part because the physical characteristics of these relatively low 
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molecular weight polymers have been regarded as unsuitable for many conventional drug 
delivery formats. For example, polylactic acids having a number-average molecular 
weight of less than about 1000 with a normal molecular weight distribution (i.e., a 
distribution that is substantially unchanged from that obtained via polymerization), 
5 typically having a polydispersity (i.e., the ratio of the weight-average to number-average 
molecular weights) of greater than about 1.8, tend to have a glass transition temperature 
(Tg) below room temperature, which is about 23°C, and are generally soft, waxy, or 
tacky materials. Such materials are not generally suitable for making conventional 
^ preformed, solid, drug-containing structures, such as microspheres, for sustained drug 

y 10 release because the low Tg prevents the material from maintaining its physical integrity. 

N Also, the release rate of drug from, and percent loading of drug into, conventional low 

molecular weight biodegradable systems have not generally been considered sufficient to 
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be useful for most drug delivery systems. Accordingly, formulations and methods of 
utilizing biocompatible, and preferably biodegradable, polymers to provide relatively 
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ffj 15 short term sustained release of drugs would be highly desirable. 



One particular area where sustained release is extremely useful, and yet has been 
difficult to achieve satisfactorily, is in the context of drug inhalation therapy, such as with 
metered dose inhalers (MDIs). Drugs used for localized pulmonary administration, for 
example bronchodilators, are usually limited in their efficacy by the necessity for frequent 

20 administration. This is typically due to the rapid dissolution, absorption, and metabolism 
of the drugs in the lung. Many attempts have been made to provide sustained release of 
drugs to the lung, as well as other locations, by entrapping or encapsulating the drug in 
preformed, biodegradable microspheres. 

However, there are serious drawbacks with using preformed microspheres. First, 

25 . it has generally been necessary to use polymers with a number-average molecular weight 
of at least about 1800, and usually higher, so that the Tg is high enough for the particles 
to remain discrete, or at least separable, prior to use. As noted above, polymers of too 
high molecular weight will typically degrade too slowly to be useful in inhalation therapy 
because of the tendency for higher molecular weight materials to collect and build up in 

30 the lung parenchyma upon continued use. Second, the production of preformed 

microspheres is often difficult, inefficient, costly, and may involve the use of materials 
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which are physiologically and/or environmentally hazardous. Despite efforts to improve 
the processes, there are often problems with, for example, low and inefficient drug 
entrapment, aggregation of particles, wide distributions of particle sizes, and the 
presence of nonparticulate materials. 

Hence, there is a substantial need for means of making microparticles that are 
suitable for pulmonary drug delivery and will not accumulate in the lung, and, even more 
preferably, for means of providing sustained release of drug without requiring the use of 
preformed microspheres at all. 

Another important issue relating to medicinal aerosol formulations such as in 
MDIs relates to whether the drug is dissolved in the formulation or present as a 
micronized suspension of particles. Although there are advantages to using aerosol 
formulations where the drug is in solution, most commercially available MDIs have the 
drug suspended in the propellant as a micronized dispersion. This is because in most 
cases the drug either is not sufficiently soluble in the formulation to form a stable 
solution or, if soluble, the drug is too chemically unstable in its dissolved form. 
Accordingly, there is also a substantial need for biocompatible compounds that act as 
solubilizing aids and/or chemical stabilizers for drug in medicinal aerosol formulations. 

U.S. Patent No. 5,569,450 (Duan et al.) discloses that biocompatible oligomers 
such as oligohydroxycarboxylic acids are useful as dispersing aids to help maintain 
particles as a suitable suspension. However, it does not disclose formulations of such 
compounds providing sustained drug release or as a drug solubilizing and/or stabilizing 
aid. 

In other, non-inhalation contexts, biocompatible polymers have been used for 
various therapeutic systems, such as spray-on skin covering films which may have a drug 
included. Such systems, however, are generally not deemed to have both suitable 
physical and biological/degradation characteristics for most sustained release drug 
delivery applications. • - - 

Summary of the Invention 

The methods, compounds, and medicinal formulations of the present invention 
provide broadly applicable means for delivery of a drug. They are particularly useful for 



drug solubilization and chemical stabilization, as well as for providing sustained release 
of drug from a drug delivery system, such as topical, implantable, and inhalation systems. 
Additionally, means are provided for improving the physical and degradation 
characteristics of biodegradable polymers and also for forming drug-polymer medicinal 
5 salts. Many of the methods, compounds, and medicinal formulations are particularly 
useful for oral and/or nasal drug delivery, such as by inhalation from a metered dose 
inhaler. 

Biocompatible polymers 
G 10 All of the formulations of the present invention utilize one or more 

biocompatible, and preferably biodegradable, polymeric compounds. As used herein, 
"polymer" and "polymeric" are, unless otherwise indicated, intended to broadly include 
homopolymers and block/random copolymers (and oligomers) including a chain of at 
least three or more monomer structural units formed by polymerization reactions (e.g., 
15 condensation or ring-opening polymerization). Preferred biocompatible polymers are 
biodegradable and are preferably formed by a condensation type polymerization. For 
0 some preferred embodiments, the biocompatible polymers are homopolymers, while for 

others they are copolymers. Preferably, the repeating structural units contain amide 
units, ester units, or mixtures thereof. 
20 Er gferrgd such biocompatible p olymers include at least one chain of units of the 

formula -[X-R l -C(0)]- wherein: each R 1 is an independently selected organic group 
that links the X group to the carbonyl group; and each X is independently oxygen, sulfur, 
or catenary nitrogen. Such compounds can include chains having different R l groups, 
although for certain embodiments each R 1 moiety is the same. The preferred X group is 
25 oxygen. Particularly preferred biocompatible polymers are relatively low molecular 
weight poiylactic acids (PLAs). One reason they are preferred is because lactic acid is 
well known to be endogenous in humans, highly biocompatible and, therefore, desirable 
from a regulatory approval standpoint. Other biocompatible polymers are also useful in 
methods and formulations according to the present invention. For example, 
30 homopolymers and copolymers of lactic acid, glycolic acid, trimethylene carbonate, 
hydroxybutyric acid, and p-dioxanone have all been found to be particularly useful in 
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various embodiments of the present invention. In particular, polydioxanone and 
polylac.ic-co-glycolic acids are well established as being biocompatible and, accordmgly, 
are also good candidates from a regulatory approval standpoint 

■ it is also sometimes preferred that one or more chains of the biocompauble 
5 polymer can be capped a. one end or both ends by either a monovalent, divalent, or 
polyvalent organic moiety (each valence of the capping group being independently 
bonded to a chain) that does not contain hydrogen atoms capable of hydrogen bondmg, 
or by a monovalent, divalent, or polyvalent ionic group, or a group that does content 
hydrogen atoms capable of hydrogen binding. The choice of end groups can mod* the 
,0 performance of the polymer, either in the formulation or biologically, and the preferred 
choice will depend on the particular intended application of the invention. One preferred 
polymer end cap is an acetyl group. 

Also it should be pointed out that the various preferred amounts, molecular 
weights,andrangesse.for.hbe.owaregivenforge„era.guidanceandarebased 

15 primarily on poly-L-lacric acids, so this should b. taken into account when constdenog 
other polymers for use in the present invention. For example, po.yglyco.ic actus typtcaUy 
hydro.yze more quickly, exhibit higher degrees of crystallinity, and have higher ntelung 
points than po.,.actic acids. This shou.d be taken into account when considering such 

2 0 characteristic* desired. Moreover, in the case of po.y.ac,ic acids, the naturaUy occumng 
LfonnisfrequenUypreferredovertheDorDLfonnsbecausehisendogenousm 

humans. However, due to the amorphous nature of the DL compounds, toe are 

apphcations where the DL compounds (i.e., mixtures of L and D isomers), are also 

sometimes preferred. 

25 

r ™„ pnl ydisne ^i'Y ™mpositions 

A first aspect of the invention, which may or may not be used in conn.nct.on wth 
other aspects discussed below, relates to improving the physics, and degradation 
characteristics of biodegradable po.ymers. As noted above, conventional polymer 
30 conditions with the highly desirable property of relatively rapid biodegradauon 
.vpicafiy abo exhibit poor physical characteristic, They tend to be sticky, waxy, and 



generally unable » maintain the physical integrity ofartic.es formed therewtth (e.g., 
microspheres anneal together, rods conform to their container shape, etc.). However, 
has been found that, contrary to conventional understanding, it is in fact posstble to 
achieve the hiahly desirable combination of relatively rapid biodegradation and good 
5 physical characteristics with a relatively low molecular weight biodegradable polymer. 
This surprising effect is accomplished by limiting the polydispersity (i.e., the rafo of 
weight-average to number-average molecular weigh.) of the polymer to a relattvely 
narrow range as compared to .he normally occurring distribution (i.e., .he molecular 
weight distribution <ha. occurs normally from tine conventional polymerization memoes), 
„ I. is hypothesized that this unexpected improvement is me resul. of several factors: 
reducing .he amount of the slowly degrading high molecular weigh, component of the 
polymer reduces the polymer's overall biological half-life; while reducing .he amount of 
.he plaaticizing low molecular weigh, component of .he polymer raises .he Tg of the 
material Also, removal of the low molecular weigh, componen. seems to "sharpen the 
,5 transition between .he flowing aad non-flowing phases, i.e„ it raises the Tg onset 

temperature (the poin. where tackiness and flow begins to occur) closer .o tire nud-pcm. 
Tg Thus by limiting .he polydispersity of .he biodegradable po.yn.er, rhe degradation 
characters can be improved without sacrificing, and perhaps improving, the phystcal 
characteristics of .he composition. For example, b, reducing the polydisperstty of tire 
20 po.vn.er composition, a general, hard, non-tacky, and relative., rapidly degradmg 

materia, can be produced. With tins aspect of the present invention i. , .bus posstbfc to 
ntake re.ative.y low molecular weight drug-containing medicinal compositions A* have 
bo.h more rapid biodegradation and improved handling characteristics. Ttashas 
potentia. application in virtually any context where a re,a.ively rapidly biodegradmg 
25 pol ymer is desired. For example, it can oe used to make preformed drug-— g 
.nieropartic.es and implants. As discussed below, narrow polymer polyd.spers«y - 
also provide benefits when dissolved inanMDI formulation «o provide controlled 
release solubilization and/or chemical stabilization of a drug. 

',„ order to provide rapid biodegradation and good physical charactenst.es, the 
,„ biodegradable polymer preferably has a number-average molecular weigh, of no grea.er 
than about .800, aod more preferably no grea.er .ha* 1 500 (and generally no less .ban 



about 700), and a polydispersity of less than about 1.3, more preferably less than about 
1.2, and most preferably less than about 1.15. The biodegradable polymer preferably 
comprises at least one chain of units of the formula -[O-R^CCO)]- wherein each R 1 is an 
independently selected organic group that links the oxygen atom to the carbonyl group. 
More preferably, the biodegradable polymer is polylactic acid, polyglycolic acid, or 
polylactic-co-glycolic acid; and most preferably, it is poly-L-lactic acid. Some examples 
of uses for such biodegradable polymers having a relatively narrow molecular weight 
distribution include preformed drug-containing powders and particles (e.g., 
microspheres), such as used in dry powder inhalation systems, nebulizers, injection 
formulations, topical sprays, and suspension type MDI aerosol formulations, as well as 
subcutaneous implants, drug-delivery dental packs, and other drug-delivery systems. 
Polymers having such a relatively narrow molecular weight distribution can be prepared 
by any suitable means for limiting polydispersity. One preferred technique is to use a 
supercritical fluid, such as carbon dioxide, to fractionate the polymer. This useful 
technique is applicable to the biocompatible polymers described herein, as well as to 
other polymers in general. 

Drug solubilizine and /or stabilizing 

In another important aspect of the invention, biocompatible polymers are 
dissolved in medicinal formulations in order to help solubilize and/or chemically stabilize 
a drug. One preferred embodiment of this aspect of the invention is a medicinal 
formulation suitable for nasal and/or oral inhalation, such as from an MDI, that includes 
a propellant, a biocompatible condensation-type polymer, preferably comprising at least 
one chain of units of the formula -[X-R^CCO)]- wherein: each R 1 is an independently 
selected organic group that links the X group to the carbonyl group; and each X is 
independently oxygen, sulfur, or catenary nitrogen, and a therapeutically effective 
amount of a drug substantially completely dissolved in the formulation. Surprisingly, the 
biocompatible polymer, which is also substantially completely dissolved in the 
formulation, acts as a solubilizing aid and/or as a chemical stabilizing aid for many drugs. 
This is important because, as noted above, many drugs are not sufficiently soluble in 
aerosol formulations or, if soluble, are chemically unstable in their dissolved form. 



Optionally, a cosolvent may also be present, which may help solubilize either the drug, 
the biocompatible polymer, or both. Other excipients may also be included. 

It is also preferred in this aspect of the invention, although not required, that the 
biocompatible polymer have a relatively narrow molecular weight distribution, i.e., 
5 polydispersity of less than about 1.8, preferably less than about 1.4, and more preferably 
less than about 1 .2. This helps to prevent the inclusion of the larger polymers which 
could accumulate in the lung over time due to repeated dosing. It also can allow a 
greater amount of the polymer to be completely dissolved in an aerosol formulation, 
which may be particularly important when a polymer is being used as a drug solubilizing 
B 10 aid because such use can require substantial amounts of polymer to be dissolved (e.g., 

SJ 1% or more of the formulation by weight). For example, poly-L-Iactic acid shows 

OS 

gj improved solubility in hydrofluorocarbon (HFC) propellants when the polydispersity is 

reduced. 
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m 15 Sustained release 



£jj In another separate but related aspect of the invention, it has been found that 

G medicinal formulations using the biocompatible polymers of the present invention are 

pi 

highly useful in providing sustained release of a drug to the body. Such formulations 
include a drug and a sufficient amount of biocompatible (preferably, biodegradable) 

20 polymer which when delivered is associated with the drug (i.e., drug 

entrapped/encapsulated in a polymer matrix or, described below, as a drug-polymer salt,) 
so as to provide for such sustained release of the drug as the polymer degrades and the 
drug is released. This js.useful in .many drug delivery contexts, such as solid and semi- 
solid implants and microspheres, as well as for liquid injection formulations and topical 

25 sprays. However, it is particularly useful and surprising in the context of medicinal 

aerosol formulations, such as for oral and/or nasal inhalation from a metered dose inhaler 

(MDI). 

Such sustained release aerosol formulations include drug and a sufficient amount 
of biocompatible polymer dissolved in a propellant to provide sustained release of the 
30 drug when inhaled, and may also include a cosolvent and other excipients. The drug may 
be in the form of a micronized suspension or substantially completely dissolved in the 
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formulation. The biocompatible polymer preferably comprises at least one chain of units 
containing amide and/or ester groups. Preferably, the biocompatible polymer comprises 
at least one chain of units of the formula -[X-R l -C(0)]- wherein: each R 1 is an 
independently selected organic group that links the X group to the carbonyl group; and 
5 each X is independently oxygen, sulfur, or catenary nitrogen. 

It is particularly surprising to discover that when such biocompatible (preferably 
biodegradable) polymers are substantially completely dissolved in sufficient quantities 
relative to the drug in, for example, medicinal aerosol formulations, and administered to 
the body the drug is released in a highly desirable sustained manner over a period 
10 ranging, for example, from about 30 minutes to a day or more. The time period for 
release of the drug depends upon many factors including, for example, the amount, type, 
and molecular weight of the biocompatible polymer used, and the chemical and physical 
nature of the drug. The amount of polymer that will be sufficient to provide a desired 
sustained release profile may be determined on a case-by-case basis with little difficulty. 
15 In many situations, the polymer will comprise at least about 1% of the formulation to 
provide suitable sustained release, although this will depend on the polymer used and the 
amount, type and physical and chemical form of the drug. The polymer will generally be 
present in an amount of at least four times, and often 10 to 100 times, the amount of the 
drug on a weight to weight basis. In the case of suspension aerosol formulations, where 
20 the drug is present as micronized particles, the amount of biocompatible polymer 
necessary to provide sustained release is generally substantially more than that which 
would normally be used as a dispersing aid in, for example, the context of U.S. Patent 
5,569,450. 

Moreover, although it may be preferred to use biocompatible polymers having, as 
25 described above, a relatively narrow molecular weight range (i.e., with a polydispersity 
of less than about 1.8 and preferably less than about 1.4, and most preferably less than 
about 1.2), it is not required according to all aspects of the invention, particularly in the 
sustained release formulations. For example, when poly-L-lactic acids of normal 
polydispersity are used in a formulation for pulmonary delivery, it is preferred that the 
30 number-average molecular weight of the polymer be no greater than about 800, and 

more preferably no greater than about 600. Otherwise, depending upon the frequency of 



administration, the higher molecular weight component present can accumulate in the 
lung. Additionally, normal polydispersity poly-L-lactic acids with molecular weights 
greater than about 800 may exhibit partial insolubility (depending on the weight 
percentage, propellant used, and the presence of co-solvents or other excipients) of the 

5 highest molecular weight fraction of the polymer. However, when poly-DL-lactic acids 
are used, such limitations are not generally encountered. When narrow molecular weight 
range poly-L-lactic acids (i.e., those having a polydispersity of less than about 1.8 and 
preferably less than about 1.4 , and most preferably less than about 1.2) are used, 
however, the number-average molecular weight is preferably no greater than about 1300, 

0 and more preferably, for most applications, no greater than about 1000. For poly-DL- 
lactic acid, although solubility is generally not a problem, it is nonetheless desirable to 
use the lower polydispersity polymer due to the more rapid degradation; The molecular 
weight and polydispersity can be relatively higher in cases where frequent dosing or rapid 
bioabsorption are less important (e.g., vaccine or nasal delivery). One skilled in the art 

15 will recognize that these parameters will vary with each monomer type used. The choice 
of polymer used will also be based on the ability of the polymer, when delivered, to 
incorporate the drug into a matrix or as a salt (discussed below) and release it in a 
controlled manner. This depends on such factors as the polymer molecular weight, 
polydispersity, tendency toward crystallization, and specific functionality, as well as the 

20 nature of the drug and the form it is in (e.g. dissolved or suspended). 

Thus, one can adjust the system according to the particular requirements of the 
delivery system. For example, where it is desired to provide a therapeutic drug 
inhalation system requiring only a single dose per day, the biocompatible polymer 
amount, average molecular weight, polydispersity, and other factors will preferably be 

25 selected so that the drug is controllably released, and substantially all of the polymer 
biodegraded (such that the polymer matrix material is substantially undetectable at the 
delivery site), over about a 24 hour period, and in some cases preferably over about a 12 
hour period. This can typically be accomplished using, for example, poly-L-lactic acid 
having an average molecular weight of about 1000 and a polydispersity of about 1.2, 

30 although these and other various factors, such as the amount of polymer used, and 
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selection of co-monomers (e.g., use of L and D isomers, glycolic acid, etc.), can be 
adjusted as required for a particular situation. 

Also, significantly, the medicinal aerosol formulations described herein do not 
tend to form.films, the presence of which would be highly undesirable in the pulmonary 
tract. Rather, they form discrete particles spontaneously upon the formulation exiting 
the aerosol canister valve (for example, from a metered dose inhaler). This aspect of the 
invention is important both in the context of providing sustained release microparticles, 
and for providing inhalable microparticles which are not for sustained release. Thus, 
there is also provided a simple method of forming discrete particles of a medicinal 
aerosol formulation, which is broadly applicable, cost effective, and, when a suitable 
propellant is used, environmentally friendly. The method includes the following steps: 
preparing a medicinal formulation by combining components comprising a propellant, a 
biocompatible polymer substantially completely dissolved in the formulation, a 
therapeutically effective amount of a drug (preferably, substantially completely dissolved 
in the formulation), and optionally with a cosolvent and/or other excipient; placing the 
medicinal formulation in a device capable of generating an aerosol (preferably, an aerosol 
canister equipped with a valve, and more preferably, a metered dose valve); and 
actuating the device to form an aerosol of discrete particles that are sufficiently stable to 
avoid aggregation and film formation under conditions of use (e.g., upon inhalation, 
upon topical application to a wound, etc.). 

Medicinal Salts 

*' It has also been observed that certain biocompatible polymers, such as, for 
example, low molecular weight poly-a-hydroxycarboxylic acids (PHAs), can form salts 

5 with many drugs. Such low molecular weight biodegradable polymers, in their salt form 
with a drug, can provide sustained release of the drug, aid solubilization of the drug, and 
chemically stabilize the drug, without requiring the presence of additional release 
controlling matrix materials. Thus, another embodiment of the invention is a medicinal 
salt of a drug and a low molecular weight biodegradable polymer. The salt comprises: 

30 an ionic drug comprising at least one ammonium, sulfonate, or carboxylate group per 
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molecule (preferably, ammonium group); and a biodegradable polymeric counterion 
comprising at least one ammonium, sulfonate, or carboxylate group (preferably, 
carboxylate group) and at least one chain of at least three units of the formula -[O-R 1 - 
C(O)]- wherein each R l is an independently selected organic moiety that links the 
oxygen atom to the carbonyl group. Preferably, the hydroxyl end of the non-branched 
chain is esterified. The salt can be used to advantage in various medicinal formulations, 
whether they be solid, semi-solid, or liquid formulations. Preferred formulations include 
medicinal aerosol formulations suitable for oral and/or nasal inhalation, such as MDIs. 

Such use of a biocompatible low molecular weight polymeric counterion in a 
medicinal salt of a drug can in many cases provide advantages over the use of a 
polymeric matrix in a nonionic form. For example, the presence of a biocompatible 
polymer and the formation of such salts can provide significant improvement in chemical 
stability over the same formulation without a salt-forming biocompatible polymer. 

It can thus be seen from the above that the present invention provides methods, 
compounds, and medicinal formulations that represent a dramatic advance in providing 
for enhanced solubilization and chemical stabilization of a drug, as well as providing 
sustained release of drugs. This is particularly important in the field of aerosol drug 
delivery, such as for inhalation. The biocompatible polymers described above, 
particularly the biodegradable polyesters and polyhydroxycarboxylic acids, can be used 
either as a drug containing matrix or counterion in solid, semi-solid, or liquid 
formulations. Additional aspects and specific features of the invention will also be 
apparent by way of the following detailed description and nonlimiting examples of the 
invention. 

Detailed Description 
The present invention provides medicinal formulations containing a drug and a 
biocompatible polymer. They can be solids, semi-solids, or liquids. Preferred 
formulations are delivered by oral and/or nasal inhalation, although formulations can also 
) be made for delivery via,for example, topical spray-on administration (e.g., buccal, 
transdermal). Additionally, compositions (e.g., those made with low polydispersity 
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and/or medicinal salt biocompatible polymers) capable of forming stable preformed solid 
objects, such as dry powders, microspheres, rods, pins, etc., can be made for delivery by 
injection, implantation or other suitable methods, as well as oral and/or nasal inhalation. 

As discussed below, the medicinal formulations may be made with a variety of 
drugs, biocompatible polymers, propellants, cosolvents, and other ingredients. Among 
the benefits provided by the invention, the biocompatible polymer may have enhanced 
physical and biodegradation properties due to low polydispersity, function as a 
solubilizing and/or chemical stabilizing aid, provide sustained release, and/or act as a 
counterion to form a medicinal salt. 

Drugs 

Medicinal formulations according to the present invention contain a drug either 
dispersed or dissolved in the formulation in a therapeutically effective amount (i.e., an 
amount suitable for the desired condition, route, and mode of administration). As used 
herein, the term "drug," includes its equivalents, "bioactive agent," and "medicament" 
and is intended to have its broadest meaning as including substances intended for use in 
the diagnosis, cure, mitigation, treatment or prevention of disease, or to affect the 
structure or function of the body. The drugs can be neutral or ionic. Preferably, they are 
suitable for oral and/or nasal inhalation. Delivery to the respiratory tract and/or lung, in 
order to effect bronchodilation and to treat conditions such as asthma and chronic 
obstructive pulmonary disease, is preferably by oral inhalation. Alternatively, to treat 
conditions such as rhinitis or allergic rhinitis, delivery is preferably by nasal inhalation. 

I Suitable drugs include, for example, antiallergics, analgesics, bronchodilators, 
antihistamines, antiviral agents, antitussives, anginal preparations, antibiotics, anti- 
inflammatories, immunomodulators, 5-lipoxygenase inhibitors, leukotriene antagonists, 
phospholipase A 2 inhibitors, phosphodiesterase IV inhibitors, peptides, proteins, steroids, 
and vaccine preparations. A group of preferred drugs include adrenaline, albuterol, 
atropine, beclomethasone dipropionate, budesonide, butixocort propionate, clemastine, 
cromolyn, epinephrine, ephedrine, fentanyl, flunisolide, fluticasone, formoterol, 
) ipratropium bromide, isoproterenol, lidocaine, morphine, nedocromil, pentamidine 
isoethionate, pirbuterol, prednisolone, salmeterol, terbutaline, tetracycline, 4-amino- 
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a a 2-trimethyl-lH-imidazo[4,5<]qumolmcl-eth a „ol. 2,5-die t hy.-10.oxo.l,2,4- 
tnazoM^-clpytrmido^^^ 

and pharmaceutical* acceptable salts and solvates thereof, and mixtures thereof. 

Particularly preferred drugs include beclomethasone dipropionate, butixocort proptonate, 
5 pubuterol, 4-a rai no^a,2-m m e.hyl..H-tmida Z o [ 4,5-c] q uinoline-,-e.hano., 2,5-dte.h,.- 
,0-oxo-l 2 4..nazolotl,5-clpynmido[ 5 ,4-b ][ l,4),hiaz i ne, M.-erhylpropy.)-. -hydroxy- 
3-pheny.urea, and pharmaceuticahy acceptabk salts and solvates dtereof, and nurtures 

thereof. A 
For oral and/or nasal inhalation, formulations where the drug is tn solution and 

,„ chemically stable are general preferred; however, if suspensions are used, preferably the 
d™ g i 5 mic r onized0.e., i n,hefo n nofparUc.eshavingadiame.eron.he„rderof 

micrometers). U^f^-^^^^^^^ 
about 90% or more) is in the form of particles having a diameter of less than about 
micrometer, and most preferaMy. less than about 5 micrometers. These particle s«es 
15 a!so apply for the formulations (drug and biocompatible polymer) used tn dry powd* 
inhalers. This ensures tha, the drug can be inhaled into ,he respiratory tract a*r lungs. 
I, will be recognized that such limitations do no, necessarUy exist for nasal tnhalation. 
Prefer, medicinal formulations according to the present invention tnclude a 

desired therapeutic effect with one dose from a convention* aeroso. cantster wtth a 
conventionalvalvcsuchasametereddosevalve. As used herein, an "amount of*e 
drug can be referred to in terms of tptantuy or concentration. A therapeutic* effective 
amount of a dtug can vary according to a vanet, of factors, such as the potency 
25 P articulardn.g.merou.eofadntinis.ra,ionof.hefonnula.io,t,,hemodeof 

administration of the formulation, and the mechanical system used to admrntster *e 
formula. A therapeutically effective amount of a particular drug can be selected by 
titoseofordinatysxiUtntiteartwithconsiderationofsuchfactors. Generally, a 
.herapeutically effective amount will be ffom about 0.02 pans to about 2 parts by wetght 
30 based on 100 parts of the medicinal formulation. 
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Biocompatible polymers 

The preferred biocompatible polymers are condensation-type homopolymers or 
block or random copolymers. Examples of such polymers can be derived from a 
hydroxyacid, a mercapto acid, an amino acid, or combinations thereof, such as disclosed 
in U.S. Patent No. 5,569,450 (Duan et al.). Other examples of such polymers can be 
derived from the condensation of a diol with a diacid, such as disclosed in international 
publication no. WO 94/2 1228. Preferably, the repeating structural units contain amide 
units, ester units, or mixtures thereof. 

One class of preferred condensation polymers includes at least one chain of at 
least three units of the formula -[X-PJ-CtO)]- (Formula I) wherein: each R 1 is an 
independently selected organic group (which can be linear, branched, or cyclic) that links 
the X group to the carbonyl group; and each X is independently oxygen, sulfur, or 
catenary nitrogen. Preferably X is oxygen. In particularly preferred embodiments, at 
least 50% of said units include oxygen as X. Another class of preferred condensation 
polymers include at least one chain of at least three units of the formula -[C(0)-R 2 -C(0)- 
0-R 3 -0]- (Formula II) wherein: each R 2 is an independently selected organic group 
(which can be linear, branched, or cyclic) that links the carbonyl groups and each R 3 is an 
independently selected organic group (which can be linear, branched, or cyclic) that links 
the oxy groups. 

In Formulas I and II above, preferably, each R 1 , R 2 , and R 3 is a straight chain, 
branched chain, or cyclic organic group (preferably, an alkylene or alkenylene group) 
containing 1-6 carbon atoms (preferably, 2-6 carbon atoms). Each R 1 , R 2 , and R 3 can 
also contain heteroatomic functional groups such as carbonyl groups, oxygen atoms, 
thiol groups, or folly substituted catenary nitrogen atoms, wherein the nitrogen 
substituents are free of nucleophilic or hydrogen-donor hydrogen bonding functional 
groups. R 1 preferably contains about 1-4 catenary atoms. Each R l , R 2 , and R 3 can also 
be an arylene group (e.g., 1,4-phenylene) or an arylene group substituted by functional 
groups such as lower alkyl groups, lower alkoxy groups, and halogens (preferably, by 
) functional groups that do not contain hydrogen atoms capable of hydrogen bonding, 
such as lower alkyl or alkoxy groups). As used herein, the term "lower" when used in 
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connection with alkyl, alkenyl, alkoxy, alkenylene, alkylene groups, etc., refers to such 
groups having 1 -4 carbon atoms. Each R 1 , R 2 , and/or R 3 can also be a combination of 
such arylene, alkenylene, and alkylene groups, such as 1,4-xylylene. 

The chain(s) comprising the units of Formulas I or II can be linear, branched, or 
cyclic. Such polymers (i.e., those containing chains of units of Formulas I or II) can also 
optionally include one or more ionic groups, a group that contains one or more hydrogen 
atoms capable of hydrogen bonding, or a group containing no hydrogen atoms capable 

of hydrogen bonding. 

For the compounds containing at least one chain comprising units of Formula I, 
the chain(s) comprise units derived from a precursor hydroxyacid, a precursor amino 
acid, a precursor mercapto acid, or combinations thereof, such as those disclosed in U.S. 
Patent No. 5,569,450 (Duan et al.). For the compounds containing at least one chain 
comprising units of Formula II, the chain(s) comprise units derived from a precursor 
diacid and a precursor diol. The chains can be homopolymer chains (i.e., those derived 
from a single such diacid and diol) or copolymer chains (e.g., chains containing randomly 
distributed units or blocks of units derived from any two or more such diacids or diols). 
As used herein," a chain "derived from" a particular precursor need not be prepared from 
the precursor; rather, this terminology is used to designate chains having a structure that 
could formally be obtained by condensation of the' precursor. For example, the units of 
Formula H are typically referred to as diol/diacid condensate units, although these need 
not be prepared by the condensation of a diol with a diacid. Rather, this terminology is 
used to designate chains having a structure that could in principle be obtained by a 
condensation reaction of ajnacidjwith a diol. 

A precursor hydroxyacid can be any hydroxyacid, such as a hydroxy carboxylic 
acid, or the corresponding lactone or cyclic carbonate, if any. It is preferred that the 
hydroxyacid be endogenous to the human body. Examples of suitable hydroxycarboxylic 
acids include straight chain (C 2 -C 6 )hydroxyalkyl carboxylic acids such as hydroxyacetic 
acid, hydroxypropionic acids (e.g., 2- or 3-hydroxypropionic acid), hydroxybutyric acids 
(e.g., 2-, 3-, or 4-hydroxybutyric acid), hydroxyvaleric acids (e.g., 2-, 3-, 4-, or 5- 
) hydroxyvaleric acid), hydroxycaproic acid (e.g., 2-, 3-, 4-, 5-, or 6-hydroxycaproic acid), 
branched chain (C 3 -C 6 )hydroxyalkyl carboxylic acids (e.g., 2-hydroxydimethylacetic 
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acid), malic acid, malic acid monoesters, and the like. Preferably, the hydroxyacid is an 
alpha- or a beta-hydroxy carboxylic acid, and more preferably, an alpha-hydroxy 
carboxylic acid. Suitable lactones include lactides, 1,4-dioxanone (i.e., p-dioxanone), 
valerolactone, and caprolactone. Suitable cyclic carbonates include trimethylene 
5 carbonate. 

A precursor amino acid can be any compound having an amino group, preferably, 
a secondary amino group, at least one carbon atom removed from an acid group such as 
a carboxylic acid. Exemplary amino acids include secondary amino acids (sometimes 
referred to as "imino acids") such as sarcosine and proline. As with the hydroxyacids 
10 discussed above, it is preferred that the aminocarboxylic acid be endogenous to the 
human body. 

A precursor mercapto acid can be any compound comprising a thiol group and an 
acid group such as a carboxylic acid group. Exemplary mercapto acids include 2- 
mercaptopropionic acid, 3-mercaptopropionic acid, and mercaptoacetic acid. 
15 A precursor diacid can be any dicarboxylic acid, e.g., straight chain, branched 

chain, or cyclic alkyhme or alkenylene dicarboxylic acids wherein the alkylene or 
alkenylene moiety optionally contains heteroatomic functional groups such as carbonyl 
groups, oxygen atoms, thiol groups, or catenary nitrogen (preferably, fully substituted). 
Examples of such dicarboxylic acids include oxalic acid, malonic acid, succinic acid, 
20 pentane, hexane, and heptane-dioic acids, and cis- or trans- 1,2-cyclohexanedicarboxylic 
acid. Other precursor diacids include aromatic diacids. Examples of such aromatic 
diacids include phthalic acid, 1,4-benzenedicarboxylic acid, isophthalic acid, 2,3- 
furandicarboxylic acid, 1,2-benzenediacetic acid, and the like. Preferred diacids are 
oxalic and diglycolic acids. The anhydrides corresponding to a dicarboxylic acid are also 
25 suitable. Examples of such anhydrides include succinic anhydride, diglycolic anhydride, 
and the like. 

A precursor diol can be any dihydridic alcohol. Suitable precursor diols include 
straight chain, branched chain, or cyclic alkylene or alkenylene diols optionally 
containing heteroatomic functional groups such as carbonyl groups, oxygen atoms, thiol 
30 groups, or catenary nitrogen (preferably, fully substituted). Examples of such diols 

include ethylene or propylene glycol, 1,4-butanediol, 1,6-hexanediol, and the like. Other 
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precursor diols include po.yoxyalky.ene diols. Examples of such diols include 
polygene glycol, polypropylene glycol, and block copolymers compnsmg 
polyoxyethylene units and polyoxypropylene unils. 

Particulariy preferred embodiment include polymers wherein the chain composes 
5 units derived from a precursor hydroxyacid (preferably, an alpha- or a beta-hydroxyacrd, 
and more preferably, an alpha-hydroxyacid). More preferab,y, .be chain composes umrs 
■ derived from a precursor selected from the group consisting of glycohcacd • 
trime.by.ene carbonate, a!pba- or be.a-hydroxybu,yric acid, p-dioxanone, and Uctic acrd. 
Of tbese, lactic acid is particularly preferred, whe.be, in .he D isomeric form, .he L 
„ isomeric form, or a mixture of both isomer, Of .hese, .be L form is .be most prefer, d, 
.hough in certain application, the DL fcrm has some advantages due to ,.s amorphous 
nature and enhanced solubilUy in, for example, hydronuorocarbon propellents such as 

HFC 134a and 227. 

One skilled in .he art can select units for inclusion in .he chains of the 
15 biocompatible polymers with consideration of fbctors, such as mode of admimstration, 
easeofme.abo.ism, solubuity or dispersHty, c^aM* s«"«ural homogene,*, 
mo.ecu.arweigh., other component .o be used inure medicina. formulation, e.c. 

Preferred biocompatible po.ymers as described herein comain a. .eas. one cham 
of units of Formula I, In certain embodiment, .he compound can inctade .wo or more 
2 0 chains arranged, for example, in connection with divalent and polyvalent cappmg groups 
or by mclusion of monomers which cause branching. 

A chain can be capped at one end or both ends by a monovalent, divalent, or 
po.yva.en. organic moiety (each valence of the capping group being independent* 
" " Lded to a chain) .ha. does no. comain hydrogen a.oms capab.e of hydrogen bondmg. 
25 Tnechaincana.sobecappedatoneendorbothendsbyamonova.ent.divalent.or 

po.yva.en. group, either an ionic group or a group tha. does contain hydrogen atoms 
capab.e of hydrogenbonding. Sueh groups need no. necessarUy tertmnate *e 
■ compound; rather, they can bridge chains. Examples of groups not contarmng hydrogen 
atoms capable of hydrogen bonding include organocarbonyl groups such as ace*. and 
- - 30 - alkoxy groups such as ethoxy. Examp.es of ionic groups inCude quaternary - - 
^ sulfonate sal,, carboxy,.e sah, and me like. Examp.es of groups capab.e of 



18 



hydrogen bonding include hydrogen when bonded to a heteroatom terminus of a cham, 
as well as acid functional groups, amides, carbamates, and groups such as amino, 
hydroxyl, thiol, aminoalkyl, alkylamino, hydroxyalkyl, hydroxyalkylamino, sugar 
residues and the like. Such end groups are well known and can be readily selected by 
5 those skilled in the art, and are disclosed, for example, in U.S. Patent No. 5,569,450 and 
international publication no. WO 94/2 1 228. 

The choice of end groups (i.e., capping groups) may modify the performance of 
the polymer, either in the formulation or biologically. It is preferred for regulatory and 
biological reasons to minimize the complexity of the biocompatible polymer. However, 
10 for physical and chemical reasons it may be preferable to modify the biocompatible 
polymer with respect to increased stability, propellant solubility (e.g., in 
hydrofluorocarbons), water affinity/solubility, interaction with the drug, etc. Such 
parameters frequently influence drug release rates. Preferred biocompatible polymers as 
described herein contain one chain capped on the hydroxy end with an organocarbonyl 

l5 group, and more preferably, with an acetyl group. Acylation can significantly enhance 
stability and reduce the hydrophilicity and water solubility of the biocompatible 
polymers. Additionally, preferred biocompatible polymers as described herein contam 
one chain capped on the carbonyl end with a hydroxyl group or with an alkoxy group, 
such as an ethoxy group. Esterification can enhance biocompatibility and reduce the 
20 hydrophilicity and water solubility of the polymers. 

Preferably, biocompatible polymers described herein are also biodegradable. As 
used herein, a "biocompatible" polymer is one that does not generally cause significant 
adverse reactions (e.g., toxic or antigenic responses).* the body, whether it degrades 
within the body, remains for extended periods of time, or is excreted whole. A 
25 "biodegradable" polymer is one that relatively easily degrades under biological 

conditions. Typically, biodegradation occurs initially by way of hydrolytic degradation 
(ie hydrolysis of the polymers into smaller molecules). 

Biocompatible polymers described herein can have a wide variety of molecular 
weights Typically, they should have a number-average molecular weight of no greater 
30 than about 5000 (e.g., where n is about 70) because polymers having a number-average 
molecular weight much higher than this generally are not readily biodegradable. 



19 



Depending on the particular embodiment and purpose(s) of the biocompatible polymer 
used therein, the polymers described herein will preferably have a number-average 
molecular weight of at least about 350, and more preferably, at least about 500, and 
most preferably greater than about 600. Put in another way, the biocompatible polymers 
5 will usually have a preferred chain length of at least 5, and more preferably at least 8 
units. 

For most embodiments of the polymers containing chain(s) comprising umts of 
Formulas I or II, the chain length (i.e., the average number of monomer units in the 
chain often referred to as »n») is defined by no greater than about 70 of said umts, 
to preferably, by no greater than about 25 of said umts, more preferably, by no greater than 
about 16 of said units, and most preferably, by no greater than about II of and umts. 
Also the chain length is defined by at least about 3 of said units, and preferably, by at 
.east'about 5 of said units. In some embodiments, it is preferable that the compound be 
substantially free of water soluble polymers so that, for example, the polymer does not 
,5 quickly dissolve upon delivery to the body tissue, such as the lung, but rather degrades 
over a desired rime period. Generally, the polymers having less than 8 repeat units tend 
,o be water soluble, while polymers having 8 or more repeat units tend to be relatwely 
insoluble, ahhough the precise chain length of course varies with the nature of the repeat 
units and the nature of the chain end units. 
20 These various preferred molecular weights and chain lengths are by necesstty 

only general guidelines since there are many factors, as will be understood by those 
skilled in the art, such as the particular polymer type, end-cap groups, and the presence 
and type of other ingredients (propellants, excipients, etc.), which can greatly affect the 

choice of molecular weight used. 

25 It is well known that polymers contain a distribution of chain lengths. A 

particularly preferred embodiment of the present invention has a narrow range of chain 
lengths, thereby providing a biocompatible polymer having a relatively narrow molecular 
weigh, distribution, i.e„ low polydispersity. However, in certain embodiments abroad 
molecular weight.distribution may be desired. One skilled in the art will recogni* whtch 

30 distribution is preferred for a given application based on the degree of solubmty, bulk 
physical characteristics, biological compatibility and degradation, formulafon 
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processability, and performance factors (e.g., solubilizing ability, drug release rate 
control, shelf life, dose reproducibility, etc.) of the compound. 

For certain embodiments of the present invention, suitable biocompatible 
polymers preferably have a relatively narrow molecular weight distribution. Generally, 
5 for such embodiments, the polydispersity (i.e., the ratio of weight-average to number- 
average molecular weight) is less than about 1.8, preferably less than about 1.6. This is 
particularly true for certain sustained release formulations utilizing higher molecular 
weight polymers. Preferably, the polydispersity is less than about 1.4. more preferably 
lessthanaboutl.3and.mostpreferablylessthanaboutl.15. This is particularly true 
10 where improved physical characteristics of the composition in solid form are desired or 
for enhanced solubility in, for example, an aerosol propellant. In contrast, the 
polydispersity of conventionally made poly-L-lactic acid having a number-average 
molecular weight of about 1000 or more generally ranges from about 1.6 to 3 with a 
typical polydispersity greater than 2.2. This is significant because in certain applications 
is a relatively narrow molecular weight distribution provides a material that has an 

optimized rate of biodegradation. In certain applications this results in an appropriate 
rate of drug release and improved shelf-life and handling characteristics in its bulk form. 

Although it may be preferred to use polymers (described below) having a 
relatively narrow molecular weight range, it is not required according to all aspects of 
20 the invention. For example, when poly-L-lactic acids of normal polydispersity are used 

in a formulation for pulmonary delivery, it is preferred that the number-average 
■ molecularweightofthepolymerbenogreaterthanaboutSOO. Otherwise, depending 
upon the frequency of administration, the higher molecular weight component present 
can accumulate in the lung. When narrow molecular weight range poly-L-lactic acids 
25 (i e those having a polydispersity of less than about 1.15) are used, however, the 
preferred number-average molecular weight is preferably no greater than about 1300, 
and more preferably, for most inhalation applications, no greater than about 1000. One 
skilled in the art will recognize that these parameters will vary with each monomer used. 
For example, when poly-DL-lactic acids of normal polydispersity are used in a 
30 formulation for pulmonary delivery, it is preferred that the number-average molecular 
weight of the polymer be no greater than about 1800, and more preferably no greater 
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than about 1200. Otherwise, depending upon the frequency of administration, the higher 
molecular weisht component present can accumulate in the lung. When narrow 
molecular weisht range poly-DL-lactic acids (i.e., those having a polydispersity of less 
than about 1.15) are used, however, the preferred number-average molecular weight ,s 
5 preferably no greater than about 2000, and more preferably, for most applications, no 
greater than about 1600. In general, it is desirable to use the lowest molecular weight 
biocompatible polymer that still provides adequate incorporation of the drug into the 
polymer matrix upon delivery, along with the desired release rates. 

As already noted, it is generally preferred that the biocompatible polymers of the 
10 present invention are biodegradable. Preferably, such polymers are sufficiently 

biodegradable such that they have a biological half-life (e.g., in the lung) of less than 
about 10 days, more preferably, less than about 4 days, even more preferably, less than 
about 2 days, and most preferably, less than about 1 day. For certain embodiments of 
the present invention, biocompatible polymers are sufficiently biodegradable in use such 
15 that medicinal formulations containing them have a biological half-life of less than about 
7 days Preferably, for embodiments, such as those formulations capable of being 
inhaled the biological half-life is less than about 2 days (more preferably, less than about 
1 day even more preferably, less than about 12 hours, and most preferably, less than 
about 6 hours). As used herein, "biological half-life" is the time required for half the 
20 mass of the material to disappear from the original site in vivo. 

For certain embodiments of the present invention, the biocompatible polymer has 
a glass transition temperature (Tg) such that the glass transition temperature of a 

compositiontha^^^ ' 
excipients, is above about 23°C. That is, the Tg of the biocompatible (preferably, 
25 biodegradable) compound itself may be above or below about 23°C, as long as that of a 
mixture of the biocompatible polymer with a drug and optional excipients is above about 
23°C Preferably, and advantageously, this Tg can be reached without the aid of 
additional excipients in the polymer. Typically, such preferred biocompatible polymers 
arepolymershavingapolydispersityoflessthanaboutl.15. Surprisingly, it has been 
30 discovered that when the biocompatible polymer is combined with a drug, the Tg of the 
mixture is typically greater than that of the biocompatible polymer itself, which renders a 



broader range of polymers in the medicinal formulation to be generally morphologically 
shelf stable. Generally, the Tg of the biocompatible polymer is such that the Tg of a 
composition that includes the biocompatible polymer, a drug, and optional excipients, is 
below about 100°C, although it is often much less than this. 
5 Thus, certain preferred biocompatible polymers described herein can be combined 

. with a drug to form a rapidly degrading, morphologically shelf stable polymeric matrix, 
which can be in the form of a dispersion, or dry powder, for example. Such 
biocompatible polymers are preferably homo-polymers having linear chains of units 
derived from an alpha-hydroxy carboxylic acid, such as L-lactic acid, and preferably have 
10 a number-average molecular weight of greater than 700 and no greater than about 1500, 
and more preferably no greater than about 1200, and a polydispersity of less than about 
1. 15. Put another way, the preferred average chain length (n) of the polymer is about 
10-16 units. 

The optimal amount of the biocompatible polymer depends on its nature, what 
15 role it serves within the formulation, and the nature of the drug with which it is used. A 
practical upper limit in aerosol formulations is based on the solubility of the polymer. 
The solubility levels of individual biocompatible polymers are a function of the molecular 
weight and polydispersity of the polymer, as well as the chemical nature of the repeating 
units and endgroups. In general, the solubilities of the polyhydroxycarboxylic acids (for 
20 a given molecular weight) increase as their tendency toward crystallization decreases. 
For example, poly-DL-lactic acid is generally more soluble than poly-L-lactic acid. 

For aerosol formulations, the biocompatible polymer is generally present in 
dissolved form in an amount of from about 0.01 part to about 25 parts by weight based 
on 100 parts of the medicinal formulation, preferably from about 0.1 part to about 10 
25 parts by weight based on 100 parts of the medicinal formulation, and for some 

applications preferably from about 1 part to about 5 parts by weight based on 100 parts 
of the medicinal formulation. 



Method to produce narrow distribution polymers 

Polymers according to the present invention having a narrow molecular weight 
range (e.g., a polydispersity of less than about 1.3, and preferably, less than about 1.15) 



30 
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can be prepared using a supercritical fluid fractionation method.. The solvent power of 
supercritical fluids can be tuned by changing the supercritical fluid density (via 
pressure/temperature), hence either the quantity of solute or maximum molecular we.ght 
solubilized can be selected by adjusting the pressure/temperature conditions. This 
5 adjustability provides a substantial benefit over normal liquid solvent fractionation. 
Thus the present invention provides a method of producing a polymeric 
compound having, for example, a number-average molecular weight of no greater than 
about 1500, and a significantly reduced polydispersity (e.g., less than about 1.3 and, 
preferably, less than about 1.15). The method comprises sequentially exposing the 
10 polymeric compounds to a flow of supercritical fluid under different 

pressure/temperature conditions. The particular type of supercritical fluid apparatus 
used is not limited as long as the biocompatible polymer has good contact with 
supercritical fluid. Thus, for example, the fractionation may be enacted using a single 
vessel with a increasing pressure profile techniques or alternatively, one may use a series 
15 of pressure vessels with a decreasing pressure profile technique, The supercritical fluid 
is preferably selected from the group consisting of carbon dioxide, 1,1,1,2- 
tetrafluoroethane (also referred to as propellant 134a, HFC-134a, or HFA-134a), 
1 1 1 2 3 3 3-heptafluoropropane (also referred to as propellant 227, HFC-227, or HFA- 
221) nitrogen dioxide, ethylene, ethane, trifluoromethane, xenon, or blends of the above. 
20 While a wide variety of supercritical fluids are useful in the present invention, it is 

preferred that they be nonreactive with the biocompatible polymer being fractionated and 
nontoxic More preferably, the supercritical fluid is carbon dioxide. 

' • This method of polymer fractionation using supercritical fluid provides significant 
advantage, Besides the unexpected technical superiority, it also provides advantages 
25 over conventional solvent fractionation which has high costs, environmental 
. disadvantages, and raises health concerns due to residual contamination. 



Drug Solubilization and Chemical Stabilization 

It has been found that in certain aerosol formulations the drug is more soluble 
3 0 when a biocompatible polymer as described herein is present than when the 

biocompatible polymer is not present. Of course, this depends on a number of factors, 
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such as the type and amount of drug as well as the type and amount of biocompatible 
polymer. In some instances, solubility is enhanced by a relatively high concentration 
(e g. sreater than 1% by weight) of a relatively low molecular weight biocompatible 
polyrner (e.g., number average MW less than about 350). Alternatively, a low to 
5 moderate concentration (e.g., .01 to 1% by weight) of a higher molecular weight (e.g., 
number average MW greater than about 600) biocompatible polymer can increase the 
solubility of some drug, Also, it has been found that in certain formulations, dissolved 
drug is chemically more stable (and thus has a longer shelf life) with a biocompatible 
polymer as described herein than when in a formulation without such biocompatible 
10 polymer For example, aerosol solution formulations of drugs containing amine groups 
are known to often have a relatively short shelf life; however, when combined with a 
suitable biocompatible polymer (e.g., one that is capable of forming a salt with the 
amine-containing drug dissolved in the formulation) the shelf life may be improved. 
It should also be pointed out that the same biocompatible polymer may aid in 
15 solubilizing a given drug if present in a relatively large amount (e.g., greater than about 1 
part by weight based on 100 parts of the medicinal formulation), and yet function as a 
dispersing aid if present in smaller amounts (e.g., less than about 0.1 part by weight, 
based on 100 parts of the medicinal formulation). In general, longer chain polymers 
having a molecular weight of at least about 600 that strongly interact with the drug are 
20 good solubihzers at lower weight percentages of the formulation, while shorter chain 
polymers having a molecular weight of less than about 350 typically function as 
solubilize^ However, these are general 

descriptions only, as the specific parameters vary with each drug/polymer combination. 
For aerosol formulations wherein the biocompatible polymer is acting as a 
25 solubilizing and/or chemical stabilizing aid, the number-average molecular weight is 

preferably no greater than about 1 500, more preferably, no greater than about 1200, and 
most preferably, no greater than about 800. 

Sustained Release Aerosol Formulations 

30 One preferred embodiment of the present invention is a sustained release 

medicinal aerosol formulation including a propellant, a drug, and a soluble biocompatible 
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polymer Such medicinal formulation, are preferably suitable for nasal and/or oral 
Nation. Bv this it is mean, among other things, that when delivered from a metered 
dose inhaler the, form particles of a size appropriate for nasal and/or oral inhalation and 
do no. typically form film, These panicles are formed spontaneously as the formula.™ 
s exits the aerosol valve and the propellan, evaporates. Hence, although the biocompaub.e 
polymers described herein may be used to make preformed sustained release 
micropanic.es (e.g., microspheres) by convemional means, the present invention also 
provides a method for automatic*!., generating gained release micropanicles from an 
aerosol spontaneously upon valve actuation, without requiring any preformed 
,0 micropanicles. That is, the method includes the steps of: preparing a sustained release 
medicinal aeroso. formulation by combining components comprising a propellan, and a 
sufficient amount of a biocompatible polymer substantially completely so.ub.e m .he 
medicinal fom.ula.ion to provide for sus.ained dreg release, and a drug as a mtcromzed 
suspension or subs.an.iaHy completely dissolved in .he medicinal formu.a,ion ma 
15 therapeutical effective amount; placing the medicinal formation in a device capable of 
generating an aerosol (preferably, an aeroso. canister equipped with a valve, and more 
preferab,,, an aeroso. canister equipped with a metered dose va!ve); and actuating Use 
devica to form an aeroso. comprising panicles that are sufficiently stable to avo.d 
aggregation and film formation under conditions of use. 
M A sustained release formulation is one that releases the dtug over an extended 

period of time (e.g., as shon as about 60 minutes or as long as severe, hours and even 
several days or months), rather than substantially instantaneously upon adrntntstratton. 
Typical.,, for a polymer matrix of a partcular size, the sustained release charac.enst.cs 
~~ " are determined by the nature of the biocompatible po.ymer and of the drug. Also, .« .s 
25 determined by the relative amount of biocompatible polymer to drug. 

A sustained release medicinal formulation includes a biocompatible polymer ,n an 
amount such that the period of therapeutic activity of the dreg is increased relative to the 
" activity of the same formulation with respect to the propellant and dregbu, wtthout 
biocompa,ib.e po.ymer. Preferably, this increase is by a factor of at least about l.S. 
■ • 30 Alternatively, for ceriain embodiments, it is prefened that the sustained release me*ctna> 
formulation includes a biocompatible polymer in an amount such that the penod of 
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• r.h. rtrus is extended by the presence of the biocompatible polymer 
, hn,„ 6 hours When used in aerosol formulations, it will be 

convent may need ,o be add* ^ ^ ^ 

formulation for comparison ofthepenod of time S rhfnmu l a ,ion 

nt a perfectly parallel comparison of the release rates. 

•He sustained release over a desired period of time depends, among 
suffi c,en, to pro«d — ^ ^ ^ ^ 

othe r things, on *e ™ of ^ ^ — ^ ^ ^ rf 

orugmmicron^dp^ ^ ^ ^ ^ be 

15 biocompatible polymer (preteramy.u 5 

dispersing aids. It is typically than 
20 todrug. 

ab o U „ ;l o»amo,arbas, Me— „„ ^ basis 
: .^aboutaU ratio of biocompatib.e poiymer to drug. „ 
th ere «ffl rypicaiiy be at .east about a 4:. ratio, and more preferably at least 

. k- v^ic release etc ) and/or as a solubilization aid for the drug. 
30 release (e.g., bi-phasic release, etc.; 

Alternatively, on a weight to weight basis, the ratio of polymer to dmg 
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bet ween abou. ,:. - - '00,- * — * ^ 

for ^ release of a drug in dissolved form is .ypical.y between *» 
30 , weigh, ratio of biocompatible polymer to drug, and more preferably, about 

5 ■ H inctuding the desired reiease .imes, nature of the drug or agents tnvolved, he 

a way .he average chain length (n) of the polymer » preferably less than 

ferablv between about 5-20 units, and most preferably between abou. 8-14 

the desired release rale. 

20 Medicinal Drug-Polymer Salts 

Certain biodegradab.e polymers described hereto can be eombtned wttha g 
f LctnalsaU Thu, medicinal salts are provided .ha. include an tontc dntg tot 

includes at least one uuu , ammonium 
mol ecu.e and a biodegradab.e polymer countenou tha tneludes - ^ 
„ or coniuga, base derived from a carbolic or sulfontc acd group 

disced above. Preferably, .he ionic drug includes a. .east one ammontum group 

^ooium group refers .o any amine-derived ionic mote* (e g groups * 
M primary, secondary, tertiary, and heterocydic amines by pro.onatton, as 
quaternary ammonium). 
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The molecular weights, polydispersity, and other characteristics ofthe 
biocompatible polymers previously described herein also generally apply here, where the 
biodegradable polymer acts as a counterion. The polydispersity and the molecular 
weight ofthe biodegradable polymer counterions are important variables in determining 

5 the profile of drug availability over time. This is particularly true if mixtures or blends of 
biodegradable polymer counterions having different molecular weight distributions are _ 
used, thereby forming bimodal, trimodal, etc., formulations. Preferably, the 
biodegradable polymers that form the medicinal salt are linear chains and have a number- 
average molecular weight of no greater than about 1500 (more preferably, about 500 to 

10 about 1000). Thepreferredpolydispersityandmolecularweightwillofcoursevarywith 

the desired drug release profile. 

Most preferably, the biodegradable polymer used in forming the medicinal salt is 
primarily derived from alpha-hydroxy carboxylic acids containing only one carboxylate 
group. Additionally the polymer preferably is esterified on the hydroxy end with a low 
15 molecular weight acyl group. The salt-forming biodegradable polymer is preferably 
present in at least a one-to-one molar ratio relative to the salt-forming drug, and more 
preferably in at least one equivalent relative to the salt-forming groups ofthe drug. 
Under certain circumstances it may be advantageous to include an excess of the 

biodegradable polymer. Additionally, it is within the scope ofthe present invention to 
20 include a lesser amount of the biodegradable polymer, particularly wherein the unbound 
drug has different pharmacokinetic behavior than the salt form. 

The medicinal salts may be substantially soluble or substantially insoluble in a 
propellant used ina aerosol medicinal formulation. They may also be used in non- 
aerosol formulations. Also, a medicinal salt can be dispersed within a matrix comprising 
25 a second biocompatible polymer (preferably, a biodegradable compound), which 

preferably will have a higher molecular weight than that ofthe biocompatible polymer 
forming the salt with the drug. This dispersion can be either homogeneous, or it can be 
heterogeneous such that discrete domains ofthe salt are formed within the matrix. 
Preferably, the second biocompatible polymer forming the matrix is biodegradable, ofthe 
30 formula -[X-R^C^)]- and has a number-average molecular weight greater than about 
1800. However, formulations having the drug and the salt-forming biodegradable 
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polymer with no additional biocompatible polymer matrix compounds are generally 
preferred. 



Propellants 

5 ' Preferred medicinal formulations according to the present invention include a 
propellant. Suitable propellants include, for example, a chlorofiuorocarbon (CFC), such 
as trichlorofluoromethane (also referred to as propellant 1 1), dichlorodifluoromethane 
(also referred to as propellant 12), and l,2-dichloro-l,l,2,2-tetrafluoroethane (also 
referred to as propellant 1 14), a hydrochlorofluorocarbon, a hydrofluorocarbon (HFC), 

10 such as 1,1,1,2-tetrafluoroethane (also referred to as propellant 134a, HFC-134a, or 
HFA-134a) and 1,1,1,2,3,3,3-heptafluoropropane (also referred to as propellant 227, 
HFC-227, or HFA-227), carbo^dbxide, difflgtii yl ether, butar^ ro^ane, ormixtures 
thereof. Preferably, the propellant includes a chlorofiuorocarbon, a 
hydrochlorofluorocarbon, a hydrofluorocarbon, or mixtures thereof. More preferably, a 

15 hydrofluorocarbon is used as the propellant. Most preferably, HFC-227 and/or HFC- 
134a are used as the propellant. The propellant is preferably present in an amount 
sufficient to propel a plurality of doses of the drug from an aerosol canister, preferably a 

metered dose inhaler. 

Conventional aerosol canisters, such as those of aluminum, glass, stainless steel, 
20 or polyethylene terephthalate, can be used to contain the medicinal formulations 

according to the present invention. Aerosol canisters equipped with conventional valves, 
preferably, metered dose valves, can be used to deliver the formulations of the invention. 
The selection of the appropriate valve assembly typically depends on the components in 
the medicinal formulation. 
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Cosolvent and Other Additives 

Medicinal formulations according to the present invention can include an optional 
cosolvent or mixtures of cosolvents. The cosolvent can be used in an amount effective 
to dissolve the drug and/or the biocompatible polymeric compound. Preferably, the 
30 cosolvent is used in an amount of about 0.01-25% by weight based on the total weight of 
the formulation). Nonlimiting examples of suitable cosolvents include ethanol, 
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isopropanol, acetone, ethyl lactate, dimethyl ether, menthol, tetrahydrofuran, and ethyl 
acetate. Ethanol is a preferred cosolvent, although it is believed that in at least some 
circumstances ethanol may tend to degrade the polymer and, hence, isopropanol or a less 
nucleophilic solvent may be preferred. 

Other additives (i.e., excipients), such as lubricants, surfactants, and taste 
masking ingredients, can also be included in medicinal formulations of the present 
invention. 

Experimental Examples 
The following experimental examples are provided to further illustrate various 
specific and preferred embodiments and techniques of the invention. It should be 
understood, however, that many variations and modifications may be made while 
remaining within the scope of the present invention. 

All parts and percentages are by weight unless otherwise indicated. All materials were 
used as obtained unless otherwise indicated. Solvents and inorganic reagents were 
obtained from EM Science, Gibbstown, NJ. Lactic acid and lactides were obtained from 
Purac America Inc., Lincolnshire, IL. All other reagents were obtained from Aldrich 
Chemical Co., Milwaukee, WI. 

In the preparations of biocompatible polymers set forth below, the structure and 
the average number (n) of repeating units in a chain were determined by *H nuclear 
magnetic resonance spectroscopy. The number-average molecular weight Mn and the 
weight-average molecular weight Mw were determined using gel permeation 
chromatography (GPC) or supercritical fluid chromatography (SFC). The GPC 
instrument used was a Hewlett-Packard 1090-LUSI equipped with a UV detector set at 
254 nm and a refractive index detector (HP 1037A). The column set comprised 500 
Angstrom columns from Jordi Associates, Bellingham, MA. The samples were dissolved 
in tetrahydrofuran at an approximate concentration of 25 mg solids/10 mL and pressure 
filtered through a 0.2 micron alpha cellulose filter. An injection size of 150 uL was 
handled by a Hewlett-Packard 9816 computer with software supplied by Nelson 
) Analytical, Cupertino, CA. Molecular weight data are based on a calibration with 
polystyrene standards. 
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The SFC instrument used was a DionexA.ee 602(Salt Lake City, Utah) equipped 
with a flame ionization detectot a. 425"C. The column was a 10 meter, 25% 
cyanopropyl, 50 micron ID, 0,25 micron film ftom Dionex-Lee Scientific D,v., Sal. Lake 
City Utah The samples were derivatized with diazomethane, dissolved in chloroform a, 
5 „ approximate concentration of 20 mg solids/! mL and pressure filtered through a 0.2 
micron polyvinylidenefluoride (PVDF) filter. Direct injection of 200 pL took 0. 1 
second Conditions were isothermal (1 10»C) using super critical CO. as the earner gas 
with a continuous ramp of 0.71 MPa/minu,e fiom 8. 1 MPa.o42MPa. Molecular 
weigh, data are calculated from the area of each individual polymer. Individual polymers 
„ were identified hy comparison of retention times versus wen-characterized nommally 

monodisperse PLA samples. 

Thermal properties (glass transition, melting, and degradation potnts; Tg, Tm, 
T< i were determined utilizing a modulated differential scanning calorimeter (DSC) TA 
Instruments, New Castle, DE. A linear heating rale of 5»C/minu<e was applied, wr.h a 
15 perturbation amplitude of *I«C every 60 seconds. The samples were exammed by 
applying a cyclic heat-cool-hea. profile ran^ng from -144.5°C to 244.5'C. The ghss 
transition temperatures (Tg) reported were taken a. the midpoint in the change in heat 
capacity over the step transition, and were evaluated using the reversing signal curve. 
Mass median aerodynamic diameters of the aerosdl were determined using a Quartz 
2 „ crystal microbalanee (QCM) cascade impactor (model PE2AS/202/207; California 
Measurements Inc., Sierra Madre, CA) as described in Pharmaceutical Research, 12, S- 
181, 1995. 



g ..„ r w i-7.il pr aaatisa maeasmm polymer s, 

M Elam tlactide (200 grams; 1.39 moles) and water (150 mL; MiUipore, Bedford, MA) 
were placed in a 1 L 3-neck flask equipped with a mechanical stirrer, distillation head, 
and athermometer. The reaction was warmed to 80»C and stirred under nitrogen 
overrngh. The flask was then placed under vacuum (7 mm Hg) and the temperature 

30 wasraisedto 140°C to distil, off water. After IW hours the reaction was cooled to 
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80°C and 600 mL of chloroform was added with stirring. The organic layer was 
extracred twice with 200 mL of water in a separator, funnel and dried with MgSO, The 
mixture was filtered through a »d" fritted glass funnel and the solvent distilled from .he 
polymer by rorary evaporation. The polymer was transferred to a clean 1000 mL 3-neck 
5 flask equipped as described above and 200 mL acetic anhydride was added. The solufon 
was srirred a. SOX ovemigh. under a slow nitrogen purge. After 12 or more hours the 
remaining acetic anhydride and acetic acid were removed under vacuum. After the 
acetic acid/acetic anhydride distillation was complete, 180 mL of tetrahydrofirran/water 
(85/15; volume/volume) was added with stirring and the flask temperature was allowed 
,0 todroptodO'C. After 15 minutes the reaction mixture was transferred to a round 
bottom flask and the tetrahydrofuran was removed under vacuum on a n*uy 
evaporator. Chloroform (600 mL) was added and the resulting solution was extracted 
twice with millipore water (200 mL) in a separator, funnel and then dried with MgSO,. 
The mixture was filtered through a V fritted glass funnel and tine solvent distilled from 
,5 thepolymerbyrotaryevaporatioa Final traces of solvents were removed under hrgh 
vacuum (0.4 mm Hg) on aKugelrohr apparatus at 90°C to provide acetyl-poly (L-lacUc 
acid) with n- 8.8, Mn= 860, Mw= 1151. The product was then distilled at 0.4 mm 
Hg at 156X (3x) on a falling film molecular still to remove certain low MW polymers 
resulting in acetyl-poly (L-lactic acid) with n = 9.0. Mn = 933, Mw = 1233 (by GPC). 
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Example 2 . 
L-lactide (300 grams; 2.08 moles) and water (300 mL; Millipore) were placed m 

a 1 L3-neck flask equipped with a mechanical stirrer, distillation head, and a 

thermometer. The reaction was warmed to 80°C and stirred under nitrogen ovenught. 

* The flask was then placed under vacuum (7 mm Hg) and the temperature was ratsed to 
140°C to distill offwater. After 6 hours the reaction was cooled to 80°C and acetic 
artrydride (300 mL) was added. The solution was stirred at 80"C overnight under a 
slow nitrogen purge. After 12 or more hours the remaining acetic anhydride and acettc 
acid were removed under vacuum. After the acetic acid/acetic anhydride distillattonwas 

30 complete, 230 mL of tetrahydrofaratuwater (85/15; volume/volume) was added wrtit 
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stirring and the flask temperature was allowed to drop to 60°C. After 15 minutes the 
reaction mixture was transferred to a round bottom flask and the tetrahydrofuran was 
removed under vacuum on a rotary evaporator. Ethyl acetate (700 mL) was added and 
the resulting solution was extracted twice with millipore water (200 mL) in a separatory 

5 funnel and then dried with MgS0 4 . The mixture was filtered through a "d" fritted glass 
funnel and the solvent distilled from the polymer by rotary evaporation. Final traces of 
solvents were removed under high vacuum (0.4 mm Hg) on a Kugelrohr apparatus at 
90°C to provide acetyl-poly (L-lactic acid) with n = 6.4. The product was then distilled 
at 0.4 mm Hg at 1 10°C (lx), 156°C (3x) on a falling film molecular still to remove 

10 certain low MW polymers resulting in acetyl-poly (L-lactic acid) with n = 8.6, Mn = 
685,Mw = 859(bySFC). 

Example 3 

L-lactide (300 grams; 2.08 moles) and water (300 mL; Millipore) were placed in 
15 a 1 L 3-neck flask equipped with a mechanical stirrer, distillation head, and a 

thermometer. The reaction was warmed to 80°C and stirred under nitrogen overnight. 
The flask was then placed under vacuum (14 mm Hg) and the temperature was raised to 
140°C to distill off water. After 10 hours the temperature was raised to 160°C. After a 
total of 13 hours the reaction was cooled to 80°C and acetic anhydride (220 mL) was 
20 added. The solution was stirred at 80°C overnight under a slow nitrogen purge. After 
12 or more hours the remaining acetic anhydride and acetic acid were removed under 
vacuum. After the acetic acid/acetic anhydride distillation was complete, 230 mL of 
_tetrahydrofuran/water (85/15; volume/volume) was added with stirring and the flask 



temperature was allowed to drop to 60°C. After 15 minutes the reaction mixture was 
25 transferred to a round bottom flask and the tetrahydrofuran was removed under vacuum 
on a rotary evaporator. Chloroform (700 mL) was added and the resulting solution was 
•-— extracted twice with millipore water (300 mL) in a separatory funnel and then dried 
twice with MgS0 4 . The mixture was filtered through a "d" fritted glass funnel and the 
solvent distilled from the polymer by rotary evaporation. Final traces of solvents were 
30 "removed under high vacuum (0.4 mmHg) on aKugelrohr apparatus at 90°C to provide 
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acetyl-poly (L-lactic acid) with n = 9.52. The polymer was dissolved in ethyl acetate at 
16.5% solids and isopropyl alcohol was added until the solution began to become 
cloudy. The solution was sealed and allowed to sit overnight, during which time some of 
the polymers precipitated. The solution was filtered through a "c" fritted glass funnel 
using Na 2 SO* as a filter aid. The filtration was repeated using an T fritted glass funnel. 
The product was then distilled at 0.4 mm Hg at 1 10°C (4x) on a falling film molecular 
still to remove certain low MW polymers resulting in acetyl-poly (L-lactic acid) with n = 
9.9, Mn = 666, Mw = 882 (by SFC). 



Example 4 

L-lactide (200 grams; 1.38 moles) and water (200 mL; Millipore) were placed in 
a 1 L 3-neck flask equipped with a mechanical stirrer, distillation head, and a 
thermometer. The reaction was warmed to 80°C and stirred under nitrogen overnight. 
The flask was then placed under vacuum (7 mm Hg) and the temperature was raised to 
140°C to distill off water. After 6 hours the reaction was cooled to 80°C and acetic 
anhydride (200 mL) was added. The solution was stirred at 80°C overnight under a 
slow nitrogen purge. After 12 or more hours the remaining acetic anhydride and acetic 
acid were removed under vacuum. After the acetic acid/acetic anhydride distillation was 
complete,. 180 mL of tetrahydrofuran/water (85/15; volume/volume) was added with 
stirring and the flask temperature was allowed to drop to 60°C. After 15 minutes the 
reaction mixture was transferred to a round bottom flask and the tetrahydrofuran was 
removed under vacuum on a rotary evaporator. Chloroform. (600 mL) was added and 
the resulting solution was extracted twice with millipore water (200 mL) in a separatory 
funnel and then dried with MgS0 4 . The mixture was filtered through a "d" fritted glass 
funnel and the solvent distilled from the polymer by rotary evaporation. Final traces of 
solvents were removed under high vacuum (0.4 mm Hg) on a Kugelrohr apparatus at 
90°C to provide acetyl-poly (L-lactic acid) with n = 6.6. The product was then distilled 
at 0.4 mm Hg at 190°C (3x) on a falling film molecular still to remove certain low MW 
polymers resulting in acetyl-poly (L-lactic acid) with n = 9.2, Mn = 529, Mw = 707 (by 
J SFC). 
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Example 5 

DL-lactic acid (300 grams; 2.83 moles) was placed in a 1 L 3-neck flask 
equipped with a mechanical stirrer, distillation head, and a thermometer. The flask was 
then placed under vacuum (7 mm Hg) and the temperature was raised to 140°C to dot* 
off water. After 8 hours the reaction was cooled to 80°C to provide poly (DL-lact.c 
acid) with n = 6 4. The product was then placed under vacuum (7 mm Hg) and the 
temperature was again raised to 140°C for 2 hours to provide poly (DL-lactic acid) with 
n = 1 1 .4, Mn = 925, Mw = 1670 (by GPC). 
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m Example 6 , , . 

« L-lactide (300 grams; 2.08 mote) and water (300 mL; MiUipore) were placed m 

a 1 L 3-neck flask equipped with a mechanical stirrer, distillation head, and a 
thermometer. The reaction was warmed to 80»C and stirred under nitrogen ovemtght. 
,5 Theflaskwas.henplacedundervacuumtTmmHgjand.hetemperaturewasratsedto 

5 ,40°C , 0 distill offwater. After 8 hours the reaction was cooled to 80-C and acetic 

anhydride (300 mL) was added. The solution was stirred a, 80»C overnight under a 
slow nitrogen purge. After 12 or more hours the remaining acetic anhydride and acettc 
acid were removed under vacuum. After the acetic acid/acetic anhydride distillation was 
* complete, 270 mL of tetrahydrofuran/water (85/15; volume/volume) was added wtth 
stirringand.hef.asktempera.urewasailowed.odrop.o60X. After 15 minutes tire 
action mixture was transferred to a round bottom flask and the tetrahydrofuran was 
removed under vacuum on a rota* evaporator. Chloroform (750 mL) was added and 
the resulting solution was exacted three times with millipore water (250 mL) tn a 
25 separator, funnel and then dried with MgSO.. The mixture was filtered through a 
fritted glass funnel and the solvent distilled from the polymer by rotary evaporation. 
■ Fine, traces of solvents were removed under high vacuum (0.4 mm Hg) on a Kugelrohr 
apparatus a. 90»C to provide acctyl-poly (L-.ac.ic acid) with n = 6.4. The product was 
then distilled at 0.4 mm Hg at 1 VK (2x) on a falling film molecular still to remove 
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polymers with two or less repeat units resulting in acetyl-poly (L-lactic acid) with n - 
8.1,Mn = 592,Mw = 751(bySFC). 

Example 7 , . 

L-.ac.ide (300 grams; 2.08 moles) and water (300 mL; Millipore) were placed ,„ 

a 1 L 3-neck flask equipped with a mechanical stirrer, distillation head, and a 
thermometer. The reaction was warmed to 80°C and stirred under nitrogen overnight. 
The flask was then placed under vacuum (7 mm Hg) and the temperature was ratsed to 
,40'C to distil, off wa.er. After 8 hour, the reaction was cooler, to 80'C and acettc 
„ anhydnde(3 0 OmL)wasadded.The S olu.ionwa S s t irreda.80»Coverm 8 h,undera 

slow nitrogen purge. After .2 or more hours the remaining acetic anhydride and acettc 
acid were removed under vacuum. After the acetic acid/acetic anbydride dilation was 
complete, 270 mL of tetrahydroRrratvWer (85/15; volume/vo.ume) was added wtth 
stirring and the flask temperature was al.owed to drop to 60»C. After 1 5 minu.es the 
15 reaction mitfure was .ransferred to a round bonom flask and the tetrahydroftsran ^was 
^ovedundervacuumonaro^evapo^or. Chloroform (750 mL) was added and 
fte resulting solution was exacted ,hree times witit millipore vva.er (250 mL) ,n a 

separator, ftinne. and .hen drieo wi,h MgSO.. The mixture was SUered .hrough a 
ffinedglasaft.n„ela„d«he S o.ven.dis«i.ledftommepo 1 ymerbyro^evapora, 1 on. ^ 

2o FiaaluacesofsolvenUwereremovedunderhighvacuum^AmmH^onaKugehohr 
appara njS a.90«C.oprovideace^..po.,(L-Uc.icac i d)v A h„ = 6.5. TheproduCwaa 
.hendistllledatO^mrnHgat 110«C(lx), .56'C (3x), and 232X on a ftdnng Am 
Secular still «b remove certain low MW po.ymers restdting in acetyl-poly (L-lacuc 
acid) with n = 13, Mn - 958, Mw - 1077 (by SFC). 
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Five tots of acetyl-poly (X-lactic acid), prepared as in examp.e 7, were combmed 
and distiUed a. 0.4 mm Hg a. 2UX (2x) on a faffing film molecular still to obtatn an 
acetyl-poly (L-lactic acid) with n - 11.5. As described inexample 22, 8.52g of tins 
30 polymerwas.henplacedinasampleextractioncartridgeconnec.ed.oaDenseGas 
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Management (DGM) System and sequentially fractionated. Supercritical fluid C0 2 flow 
was initiated at 27.5 Bar at 60 °C and 2.76g of acetyl-poly (L-lactic acid), was removed 
and discarded. A second fraction was collected at 37.5 Bar at 60 °C to obtain 2.96g of 
acetyl-poly (L-lactic acid) with n - 12.8, Mn = 982, Mw = 1087 (by SFC). 

5 

Example 9 

L-lactic acid (258 grams; 2.08 moles) and water (300 mL; Millipore) were placed 
in a 1 L 3-neck flask equipped with a mechanical stirrer, distillation head, and a 
thermometer. The reaction was warmed to 80°C and stirred under nitrogen overnight. 
,0 The flask was then placed under vacuum (7 mm Hg) and the temperature was raised to 
140°C to distill off water. After 16 hours the reaction was cooled to 80°C and acetic 
anhydride (200 mL) was added. The solution was stirred at 80°C overnight under a 
slow nitrogen purge. After 12 or more hours the remaining acetic anhydride and acetic 
acid were removed under vacuum. After the acetic acid/acetic anhydride distillation was 
15 complete 300 mL of tetrahydrofuran/water (85/15; volume/volume) was added with 
stirring and the flask temperature was allowed to drop to 40°C. After 30 minutes the 
reaction mixture was transferred to a round bottom flask and the tetrahydrofuran was 
removed under vacuum on a rotary evaporator. Chloroform (300 mL) was added and 
the resulting solution was extracted with water then dried with MgS0 4 . The mixture 
20 was filtered through a «d» fritted glass funnel and the solution was diluted with hexane 
until a second phase formed. The chloroform layer was collected and the solvent 
distilled from the polymer by rotary evaporation. Final traces of solvents were removed 
U nderhighvacuum(0.4mmH g )onaKugelrohrap P aratusat90°Ctoprovideacetyl- 

poly (L-lactic acid) with n = 14, Mn = 1 1 18, Mw = 2100 (by GPC). 

25 

Example 10 . 

L-lactide (199 grams; 1.38 moles) and water (200 mL; Millipore) were placed in 

a 1 L 3-neck flask equipped with a mechanical stirrer, distillation head, and a 
thermometer. The reaction was warmed to 80°C and stirred under nitrogen overnight. 
30 The flask was then placed under vacuum (7 mm Hg) and the temperature was raised to 
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140°C to distill off water. After 6 hours the reaction was cooled to 80° C and acetic 
anhydride (200 mL) was added. The solution was stirred at 80°C overnight under a 
slow nitrogen purge. After 12 or more hours the remaining acetic anhydride and acetic 
acid were removed under vacuum. After the acetic acid/acetic anhydride distillation was 
5 complete, 180 mL of tetrahydrofuran/water (85/15; volume/volume) was added with 
' stirring and the flask temperature was allowed to drop to 60°C. After 1 5 minutes the 
reaction mixture was transferred to a round bottom flask and the tetrahydrofuran was 
removed under vacuum on a rotary evaporator. Chloroform (600 mL) was added and 
the resulting solution was extracted twice with millipore water (200 mL) in a separatory 
10 funnel and then dried with MgS0 4 . The mixture was filtered through a «d" fritted glass 
funnel and the solvent distilled from the polymer by rotary evaporation: Final traces of 
solvents were removed under high vacuum (0.4 mm Hg) on a Kugelrohr apparatus at 
90«C to provide acetyl-poly (L-lactic acid) with n = 6.4. The product was then distilled 
at 0.4 mm Hg at 1 10°C (lx), 156°C (3x) and 212°C (2x) on a falling film molecular still 
,5 to remove certain low MW polymers resulting in acetyl-poly (L-lactic acid) with n = 
9.07, Mn = 829, Mw = 1038 (by GPC). 

Example 11 ... ■ 

L-lactide (300 grams; 2.08 moles) and water (300 mL; Millipore) were placed in 

20 a 1 L 3-neck flask equipped with a mechanical stirrer, distillation head, and a 

thermometer. The reaction was warmed to SOX and stirred under nitrogen overnight. 
The flask was then placed under vacuum (7 mm Hg) and the temperature was raised to 
140°C to distill off water. After 6 hours the reaction was cooled to 80°C and acetic 
anhydride (300 mL) was added. The solution was stirred at 80°C overnight under a 

25 slow nitrogen purge. After 12 or more hours the remaining acetic anhydride and acetic 
acid were removed under vacuum. After the acetic acid/acetic anhydride distillation was 
complete, 230 mL of tetrahydrofuran/water (85/15; volume/volume) was added with 
stirring and the flask temperature was allowed to drop to 60°C. After 15 minutes the 
reaction mixture was transferred to a round bottom flask and the tetrahydrofuran was 
30 removed under vacuum on a rotary evaporator. Ethyl acetate (700 mL) was added and 
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,he resulting so.ution was exacted twice with miUipore water (200 ml) in a separator, 
fcnnel and then dried with MgSO, The mixture was filtered through a »d» fritted glass 
funnel and the solvent distilled from the polymer by rotary evaporation. Fmal traces of 
solvenrs were removed under high vacuum (0.4 mm Hg) on a Kugelrohr apparatus a, 
5 90°C ,o provide acetyl-poly (L-.ac.ic acid) with n = 6.4. The product was rhen distilled 
a, 0 4 mm Hg at U0°C (2x), 1 56°C (3x) on a falling film molecular still to remove 
certain low MW polymers resulting in acetyl-poly (L-lactic acid) withn - 10, Mn - 7.5, 
Mw = 865(bySFC). 

10 Example 12 . . 

L-lactide (300 grams; 2.08 moles) and water (300 mL; MUipore) were placed ,n 

a 1 L 3-neck flask equipped with a mechanical stirrer, distillation head, and a 
thermometer. The reaction was warmed .o 80°C and stirred under nitrogen overnrght. 
The flask was .hen placed under vacuum (7 mm Hg) and .he temperature was ratsed to 
15 ,40-C.o distill offwater. After 4 hours the reaction was cooled to 80°C and aceuc 
anhydride (300 mL) padded. The solution was stirred a. 80«C ovemigh, under a 
s,ow nitrogen purge. After 12 or more hours .he remaining acetic anhydride and acettc 
acid were remove* under vacuum. After the acettc acid/acetic anfrydride ******* 
complete, 180 mL of .etrahydrofitran/water (85/1 5; volume/volume) was added wtth 
2o stirring and the flask temperature was afiowed .0 drop to 60'C. After ,5 minutes the 

removedundervacuumonarotaryevaporator. Ethyl acetate (1 L) was added and the 
resu.,in g »lu«onwa S ex.rac t ed t wrcewr.hmi..ipo rt wa,er(200mL) in a separarory 

fimne. and ft* dried with MgSO.. The mixture was filtered .hrough a »d» frmed glass 
25 furmeland.heso.ven.dis.illedfrom.hepolymerbyro^evapora.ion Ftnal traces of 
s „ 1 ven.swereremovedu„der W ghvacuum(0.4mmHg)onaKu g elrohrapparatusa. 

90'C ,o provide acety.- P o.y (L-.ac.ic acid) with n - 6.4. The product was then dtstrlled 
' a. 0 4 mm Hg a. U0°C (Ix), 1 56X (3x) on a falling film motalar still to remove 

certain low MW polymers resulting in acetyl-poly (L-lactic acid) with n = 6.64, Mn - 
30 524,Mw = 576(bySFC). 
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Example 13 

Six lots of acetyl-poly (L-lactic acid) with average n values ranging from 5 to 9 
were combined and final traces of solvents were removed under high vacuum (0.4 mm 
Hg) on a Kugelrohr apparatus at90°C. The product was then distilled at 0.4 mm Hg at 

156°C (2x) on a falling film molecular still to remove polymers resulting in acetyl-poly 

(L-lactic acid) with n = 8.54, Mn = 762, Mw = 1032 (by GPC). 



Example 14 

0 . DL-Lactic acid (150 grams of a nominally 85% solution in water; 1.42 moles) 

and glycolic acid (46.1 grams; 0.61 moles) were combined and heated (120-140°C) 
under aspirator vacuum with stirring for 23 hour, Acetic anhydride (310 grams) was 
added and the resulting mixture was heated with stirring for about 1 50 mmutes to 
remove acetic acid. Water (146 mL) was added. The volatiles were removed by 
,5 distillation^ The crude product 

wasdriedunderhighvacuumovertheweekend. The crude product was then extracted 
with chloroform. The chloroform extract was washed 4 times with dilute hydrochlonc 
acid then evaporated. The residue was dried under high vacuum overnight to prov.de 
130 grams of acetyl-polyPUactic-co-glycolic acid). Based on proton nuclear magnettc 
20 resonance spectroscopy, the product had a total chain length of n = 12 with an average 
of 8.7 lactic acid units and 3.4 glycolic acid units randomly distributed therein and 
wherein Mn = 578 and Mw = 867 (by GPC). 
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Example 15 , 

Llactic acid (200 grams of a nominally 85% solution in water; 1.89 moles) and 

toluene (1200 mL) were combined and heated for 24 hours to azeotropically remove 
water. Acetic anhydride (289 grams; 2.84 moles) was added and the reaction was heated 
for an additional 2 hours. Water (50 mL) was added and the reaction motture was 
heated for an additional hour during which time 300 mL of solvent were removed. The 
30 volatiles were removed by distillation under aspirator vacuum followed by rotaxy 
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ev.pora.io. The crude product was dissolved in chloroform (80 mL). The chloroform 
solution was washed with dilute hydrochloric acid .hen evaporated to provide acetyl- 
po.yCL.lac.ic acid). A portion of .his material was chlorina,ed as follows: Oxalyl 
chJoride (32.7 ml; 0.375 moles) was added dropwise to a cooled (0°C) soluuon 
5 containing ace«yl-poly(L-lac.ic acid) (40 grams) in ..2-dichloroe.hane (400 mL). The 
reaction mixture was stirred a. 0°C for an hour after ,he addi.ion was con.ple.ed. The 
reaction mixture was heated slowly to 45'C and stirred a. this temperature ovemrgh, 
during which time most of the L2-dich.oroe.hane evaporated. Oxalyl chlonde (10.9 
rnL) and 1 2-dichloroe.hane (250 mL) were added and the reaction mixmre was heated 
i. a. 50-C for 1 hour. The reaction mixture was heated under aspirator vacuum to remove 
.he volatdes. The residue was dried on a rotary evaporator and then under high vacuum 
,„ provide 33.7 g of acetyl-polyfL-lactoyl) chloride wherein „ - 4.7. The acety.-po.y(L- 
lactoyl) chJoride (33.7 grams, 0.08! mole) was dissolved in chloroform (200 mL) 
Glycine (15.8 grams; 0.21 1 mole) and sodium hydroxide (8.42 grams; 0.21 1 mole) were 
„ dissolved in wa.er (45 mL). The two solutions were combined and stirred at amb,en. 
temperature for 4 hours. Hydrochloric acid (25 mL) was added to adjust the pH to 2; 
„enthereac,ionmixturewasdilu,edwi.hchloroforn,(80mL). The phases were 
separaled and the organic phase was evaporated to provide a crude product. The crude 
product was partitioned between chloroform and water. The chloroform layer was 
20 evaporated ,o provide materia, that by proton nuclear magnetic resonance spectroscopy 
™ s 70:30mi*Wace*l-poly^^^ 
with n = 4.0, Mn = 49 1 and Mw = 565 (by GPC). 



Example 16 . 

a DL-2-Hydroxycaproic acid (l.OO grams, 0.0076 mole) was placed rn a num 

reaction flask (5 mL) equipped with a distillation head and magneric spin vane. The flask 
w as heated at 1 10«C for 24 hours under low vacuum (aspirator). Acetic anhydnde (1 
gram- 0 0098 mole) was added to the polymer, followed by heating a. 110'C for 18 
hours Excess acetic anhydride and acetic acid were distilled off under low vacuurn 
30- fetmhydrofuran/water (1 mL of 85/1 5; volume/volume) was added with srimngand 
heating at 60°C for 0.5 hour. The bulk of the solvent was removed by vacuum 
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dis.ilU.io, on a rotary evaporator. The resulting crude product was dissolved ,n 
chloroform (10 mL). The chloroform solution was washed twice with Mi.lipore wa«er (5 
mL) and then dried wi.h MgSO, The mixture was fiUered through a »d" fritted g!ass 
funne, and .he solvent distilled from the polymer by rotary evaporation. Final .races of 
5 solvents were removed under high vacuum (0.4 mm Hg) on a Kugelrohr apparatus a. 

,20°C to provide ace.y.-po.y(DL-hydroxycaproic acid) with n = 7.4, Mn= 830, and Mw 

= 1214 (by GPC). 

Example 17 

DL-2-Hydroxycaproic acid (1.00 gram, 0.0076 mole), and L-lacuc aotd (4.5 
grams of a nominally 85% solution* water; 0.045 mo.e) were p.aced in a reactton flask 
equipped with a distillation head and mechanical stirrer. The flask was heated a. 110 
for 6 hours under low vacuum (aspirator) while wa.er was removed. The temperature 
was then raised to 140«C for 6 hours. Acetic anhydride (5.16 gram, 0.0506 moles) was 
15 a dded,o.he P o.ymer,followedbyheaUnga,80-Cforl4hours. Excessacettc 

anhydride and acetic acid were distilled offunder low vacuum. Tetrahydrofirran/water 
(15 mL of 85/15; volume/volume) was added with stirring and heating at 60X for 0.5 
hour The bulk of the solvent was removed by vacuum distillation on a rotary 
evaporator. The resulting crude product was dissolved in chldtoform (20 mL). The 
20 chloroform solution was washed twice with mfflipore water (5 mL) and then dned wtth 
MgSO. The mixture was filtered through a V fritted glass funne. and the solvent 
MM from .he polymer by rotary evaporation. Final tra«s of solvents were removed 

ace V l-po.y(DL.2.hydroxycaproic-co-L-lac.ic acid) with n = 7.5 for .actio acid and 1.4 
25 for hydroxycaproic acid, Mn= 763, and Mw= 1044 (by GPC). 

Eia, " Pl L-L 8 actide (8.72 grams; 0.061 mole), p-toanone <U« 0 013 mole) 
water (10 mL; Millipore) were placed in a 50 mL 3-nenk flask equipped with a 
30 mechanical stirrer, distillation head, and a, hermometer. The reaction mixture was 
warmed to 80«C and stirred under nitrogen overnight. The flask was then placed under 
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vacuum (aspirator, 7 mm Hg) and the temperature was raised to 1 10°C to distill off 
water. After 1 hour, 200 pi of tin. octanoate (0.33 M in toluene) was added and the 
reaction proceeded for 16 hours. The flask was cooled to 80°C and 10 mL of acetic 
anhydride was added. The solution was stirred at 80°C overnight under a slow nitrogen 
5 purge. After 8 hours the remaining acetic anhydride and acetic acid were removed under 
vacuum. After the acetic acid and acetic anhydride distillation was complete, 25 mL of 
tetrahydrofuran/water (85/15; volume/volume) was added with stirring and the flask 
temperature was allowed to drop to 60X. After 15 minutes the reaction mixture was 
transferred to a round bottom flask and the tetrahydrofuran was removed under vacuum 
10 on a rotary evaporator. Chloroform (50 mL) was added and the resulting solution was 
extracted twice with 20 mL of millipore water in a separatory funnel and then dried with 
MgS0 4 . The mixture was filtered through a M" fritted glass funnel and the solvent 
distilled from the polymer by rotary evaporation. Final traces of solvents and monomer 
were removed under high vacuum (0.4 mm Hg) on a Kugelrohr apparatus at 90°C to 
15 yield acetyl-poly(dioxanone-co-L-lactic acid) with dioxanone n = 0.6, lactic add n - 7.5. 

Example 19 

Several lots of acetyl-poly (L-lactic acid) were distilled at 0.4 mm Hg at 1 10°C 
(lx), 156°C (3x), and 212°C (3x) on a falling film molecular still obtain a distillate of 
20 low MW polymers, primarily with a range of ft = 2-6, and an average n = 4.14. This 
distillate was then distilled at 0.4 mm Hg at 1 10°C (3x) on a falling film molecular still 
resulting in acetyl-poly (L-lactic acid) with n = 4.96, primarily with a range of n = 3-6, 
Mn = 383, Mw = 406 (by SFC). 



25 Example 20 

L-lactide (300 grams; 2.08 moles) and water (300 mL; Millipore) were placed in 
a 1 L 3-neck flask equipped with a mechanical stirrer, distillation head, and a 
thermometer. The reaction was warmed to 80°C and stirred under nitrogen overnight. 
The flask was then placed under vacuum (7 mm Hg) and the temperature was raised to 
30 140°C to distill off water. After 6 hours the reaction was cooled to 80°C and acetic 
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anhydride (300 mL) was added. The solution was stirred at 80»C overnight under a 
slow nitrogen purge. After 12 or more hours the remaining acetic anhydride and acetic 
acid were removed under vacuum. After the acetic acid/ace.ic anhydride distillation was 
complete, 230 mL of tetrahydrofuran/wa.er (85/15; volume/volume) was added wuh 
5 stirring and the flask temperature was allowed to drop to 60°C. After 1 5 minutes the 
reaction mixture was transferred to a round bottom Bask and the tetrahydroforan was 
removed under vacuum on a rotary evaporator. Chloroform (700 mL) waa added and 
the resulting solution was extracted twice with mi.lipo,e water (200 mL) in a separatory 
funnel and then dried with MgSO,. The mixture was filtered through a »d» fritted glass 
,0 funnel and the solvent distilled from the polymer by rotaty evaporation. Fmal traces of 
solvents were removed under high vacuum (0.4 mm Hg) on a Kugelrohr apparatus at 
90°C to provide acetyl-poly (L-.actic acid) with n = 5.8. The product was then distilled 
at 0 4 mm Hg at 1 10°C (2x), 156°C (3x) on a felling film molecular still to remove 
certain low MW polymers resulting in acetyl-nol, (L-lac*c acid) with n - 6.5, Mn - 708, 
15 Mw = 803 (byGPC). 

Example 21 

L-lactide (200 grams; 1 .39 moles) and ethyl lactate (0.82 gram, 0.79 ml) were 
placed in a 250 mL single-neck flask equipped with a stir bar and, reflux head The 
» reactionwaswarmedtofSO-Candstirredondernitiogenovemight. The flask was then 
transferred to a Kugelrohr distillation unit, and placed under vacuum (7 mm Hg) at 
140'C with rocking. After 6 hours the reaction was cooled to 80«C and acetic anhydnde 
(15 mL) was added. The solution was stirred at 80°C ovetnight under a slow nrttogen 
purge After 12 or more hours the remaining acetic anhydride and acetic acid were 
* removed under vacuum. After the acetic acid/a«,ic anhydride distillation was complete, 
the polymer was dissolved in 100 mL of acetonitrile and extracted with hexane (2 x 30 
nd) The acetonitrile layer was transferred to a round bottom flask and tire ace.om.nle 
was removed under vacuum on a rotaty evaporator. Chlorofotnt (700 mL) was added 
and.heresul.ingsolu.io„wasex.rac.ed W icewi,hmilliporewa.er(200mL) ma 

30 separator funnel and thendried with MgSO, The mixtute was filtered thtough a d 
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fritted glass funnel and the solvent distilled from the polymer by rotary evaporation. 
Final traces of solvents were removed under high vacuum (0.4 mm Hg) on a Kugelrohr 
apparatus at 90°C to provide acetyl-poly (L-lactoyl)-O-hydroxyethane with n = 21.8, 
Mn = 1530, Mw = 2400 (by GPC). 

5 

Exam ales 23^3: SuEejxrjti caj Fluid Fractionation of Polymers. 

Polymer fractionation was carried out using a Dense Gas Management (DGM) 
System, commercially available from Marc Sims SFE Inc. Berkeley, CA. using 
supercritical fluid (SCF) techniques known to those skilled in the art. In a typical 
l0 fractionation according to the present invention, PLA (8 grams) and clean 2 mm glass 
beads (20 g) were transferred into an 100 mL sample cartridge, then inserted into a 300 
mL Dense Gas Management System extraction vessel. The sample cartridge was 
equipped with a 30 micron metal frits on both ends. Supercritical fluid C0 2 (Anhydrous 
instrument grade 99.99% from Oxygen Services Co., St. Paul, MN) flow was initiated at 
15 the temperature and pressure described in Tables 1 and 2 to remove each fraction m a 
glass U-tube. As each fraction was collected, the U-tube was changed and the pressure 
was increased (optionally the temperature could also be changed) and supercritical fluid 
C0 2 flow was continued. Upon completion of the fractionation, the supercritical fluid 
C0 2 was vented down to atmospheric pressure arid the residual fraction was collected 
20 from the sample cartridge by dissolution into methylene chloride or ethyl acetate. These 
examples demonstrate the general capability of supercritical fluids to fractionate both 
derivatized (e.g., esterified) and underivatized polymers as well as both amorphous and 
semi-crystalline polymers. 

25 Exam Ble 22j SuBe r crjticaj Fluid Fractionation of the Polymer from Example 4, 

The capability of supercritical fluids to fractionate derivatized (e.g., acetylated) 
polyhydroxy carboxylic acids (PHAs) and remove selective distributions of PHAs is 
demonstrated in Table 1. In this example, supercritical fluid fractionation of the 
derivatized semi-crystalline L isomer from Example 4 resulted in 7 cuts, each with 
30 unique Mn's and polydispersity distributions (?) more narrow than the starting material. 
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Supercritical Fluid Fractionation 



Table 1. 

of the Polymer from Example 4 




»f th* Pn.vn.rr from ^ ample 5 -- 



L.ed^Oouts.each^h^ueMn.sanddistHbudons^ene.owthan.he 
starting material. 



47 



Table 2 



Supercritical Fluid Fractionation of the Polymer from Example 5 



r raCtion 


Pressure. MPa 


Temp., °C 


Grams COz 


Mn 


Mw 


P 


Lmpa or ex. j 






: 


925 


1670 


1.81 


i 
1 


20.0 


60 


668 


323 


482 


1.49 


z 


22.5 


60 


510 


409 


581 


1.42 


3 


25.0 


60 


713 


445 


647 


1.44 


4 


27.5 


60 


641 


754 


947 


1.26 


5 


30.0 


60 


824 \ 


982 


1180 


1.20 


6 


32.5 


60 


831 


1210 


1450 


1.19 


7 


35.0 


60 


770 


1750 


1950 


1.11 


8 


37.5 


60 


1000 


1950 


2140 


1.10 


9 


40.0 


60 


700 


2400 


2590 


1.08 


lO(residual) 






1 - 


3540 


4080 


1.15 



Examples 24-39: Propert ies of Biocompatible nolvmers. 



Example 24: Solubility Properties. 

Attempts to solubilize a variety of polylactic acids and polylactic/glycolic 
0 copolymers in HFC134a and HFC227 demonstrated that polyhydroxycarboxylic acids of 
the type previously utilized in pulmonary drug delivery, such as those described by E. 
Poyner, I Cont Rel.. 35, 41-48 (1995) (PLA2000)lh"d L. Masinde, Inti 
Pharmaceutics, 100, 123-13 1 (1993) (PLA100.000), were insoluble in the HFCs. Poly- 
L-lactic acid obtained from Polysciences Inc., Warrington, PA, [L-PLA 100,000, 50,000 
.5 and 2,000.(catalog nos. 18402, 06529, and 18580)] were insoluble in both HFC134a and 
HFC227 at 0.1% weight/weight after 10 minutes of sonication at ambient conditions. 
Likewise, polylactic/glycolic acids copolymers [DL-PLAGA 5,000: 9/1 and 50,000: 8/2 
(catalog nos. 19076 and 19077)] were insoluble at 0.1%. After one day, DL-PLAGA 
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10 



5,000: 9/, exhibUedpartialso.ubi.ity. Poly-DL-Lactic acid [DL-PLA 20,000 (catalog 
no 16585)] was soluble at 0.1% but not fully soluble at 1%. 

Polymers, as exemplified by the compounds of Examples 1-21, were typ.cally 
fully soluble in HFC 227 at 1% by weight with levels commonly approaching 3%. The 
solubility levels of individual polymeric hydroxycarboxylic acids were a Ssncfon of the 
polymers molecular weigh, and polydispersity, as well as the chemical nature of the 
repeating units and endgroups. In general, the solubilities of the po.yhydroxycarboxy he 
acids were increased if their tendency towards crys.alto.ion was reduced. For example, 
DL-lacfic acid was substantially more solub.e .ban L-.ac.ic acid, which was more so.ub.e 
than po.yg.yco.ic acid for a given molecular weigh, and polydispersity. Ukew.se, the 
,o„er molecular weigh, polymers were more soluble than .heir higher molecular wetgh. 
counterparts. And for a specified mo.ecu.ar weigh,, the polymer with a lower 
polydispersity typically exhibited a greater degree of solubility. 

15 if.o m pl>« ; PI a twadation. . . .. 

Comparative studies between relatively low molecular weigh, polylacttc actds 
M800- some with low MW polydispersity distributions) and polylactic acid wttb a 
nominal molecular weigh, of 2000 were conducted by subcutaneous inrp.an.afon of 
cylinders (10 x 1 mm) of PLA held separately in sealed polypropylene woven mesh 
envelopes (2x1 cm) intoNew Zealand rabbi,s. Polypropylene mesh envelopes were 
used to facui«a«e the handling of tire PLA compound of Example 6 and PLA2000 
[Po.ysciences Inc., PA. (catalog no. 18580)] and ,o ease remove, of the infants - ft. 
desired times. The exp.an,swere analyzed by NMR. and quantified by supercnuea. flutd 
C0 2 chromatography (SFC). The compounds used are described in Tab.e 3. The 
compound of Example 6 and PLA2000 are composed of unallered dis.ribu.ions from 
their molecular weights resulting from synthesis ,he distribufions are substanuaUy 
unchanged from .hose obtained by their synthesis). PLA2000 appears to be the .owes, 
mo.ecu.ar weigh, po.ylac.ic acid which is presenlly commercial., avarlab.e. The 
compounds of Examp.es 7 and 8 are examp.es of low polydispersity dis.nbu.tons of 
30 PLAs, whh uniaue properties and value. The compound of Example 7 was obtamed by 
molecular distillation removal of very low (n = 1 to 7) molecular weigh, polymers from 
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•W MA The compound of Exampie S was obtained by supercritical fluid 
fractionation to remove botb low and high modular weight fractions from the ongrnal 
distribution. 
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SFC Analysis of Polymers 



Polymer 



Example 6 



Example 7 



Example 8 



PLA2000 



Description 



Table 3. 
used in Biodegradation Studies 
Mn 



Unaltered polymer 



Novel polymer by distillation 



Novel polymer by SCF fractionation 



Commercial low MW polymer 



592 



958 



982 



2150 



P 

T26~ 



1.12 



1.11 
2.54 



Table 4 compares the degradation of narrow distribution potymers (polymers of 
Example* 7 and 8) during the firs, 4 days of notation, to norm* ' ~" 
„ polymers ofExample 6 and PLA2000. The polymer, of Examples 6.7. and ^ 
lie with more than 85% of fine po,ymer absorbed within 24 hours of tmplantatton. 

no. observed even after .0 day, This observation was in agreement with the hterature 
which indicated a half-life ranging from 63 to 191 days for PLA2000. 

15 



Weight 



Table 4. 

Percent Remaining after Implantation of Bulk PLAs 
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The low molecular weight polymeric lactic acids are clearly rapidly absorbed in- 
vivo, making them highly desirable for applications requiring rapid clearance. The 
degradation of polylactic acids is likely to be faster in the preferred inhalation 
applications than that observed in the above study. Degradation times typically correlate 
5 with implant dimensions and the implant study was conducted with relatively large 
cylindrical matrices which would be expected to degrade slower than the microparticles 
used in certain preferred inhalation applications of the invention. Furthermore, the lung 
is a more robust environment, being rich in esterases and other defensive mechanisms, 
compared with a subcutaneous implant site. Additionally, in this implant study, 
10 significant amounts of unidentified (non-PLA) components of biological origin were 
incorporated into the explant by the fourth day. This biological component partially 
interfered with the analysis of the implants and caused an overestimate of the amount of 
PLA remaining. Hence, the observed degradation can be considered the slowest 

probable degradation rate. 

Supporting this hypothesis, two metabolism studies (via intraperitoneal injection 
and aerosol inhalation in the rat utilizing "C radio-labeled PLA of identical chemical 
composition and similar molecular weight distribution to the polymer of Example 6 in 
Table 3 exhibited an initial half-life of 2 hours with > 80% being eliminated within 24 
hours. In the first study, two male Charles River CD rats were dosed with 10 mg 
20 (.24^Ci/mg) of 14 C radio-labeled PLA by intraperitoneal injection of a DMSO solution 
(0.2 mis). Complete urinary, fecal and C0 2 collections were made until 4 days post 
dose. Tissues were collected at the time of sacrifice. In the second study, the same 
compound was administered to 5 rats by a 30 minute nose-only inhalation exposure. 
The doses were delivered from an HFC 227 metered dose inhaler containing 0.9% PLA 
25 (51.5uCi total) into a cylindrical chamber (34 cm h x 13.4 cm dia.) equipped with 
individual rat holding tubes. The entire contents of the vial were delivered to the rats, 
the rats were transferred to glass metabolism cages and complete urinary, fecal and C0 2 
collections were made until 3 days post dose. Tissues were collected at the time of 
sacrifice. In both studies the overall disposition of M C radio-labeled PLA resembled that 
30 of endogenous lactic acid as reported in the literature. 
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These results clearly indicate low molecular weigh. hydroxycarboxylic acd 
powers (PHAs) have the highly desirable trait of rapid biodegrada.ion which is needed 
for the safe frequent inhalation of PHAs. These results also clearly indicate that 
hydroxycarboxylic acid polymers of narrow molecular weigh, distributions (compounds 
5 of Examples 7 and 8) have been obtained which retain .he rapid absorpoon of low 
molecular weigh, conventional PLAs. The nex. example demons.ra.es .he .mproved 
physical properties of .hese relatively narrow molecular weigh, dis.ribut.ons. 

10 ^r^polymeric compounds of Examples 6, 7, 8 and PLA2000 were 

determined by modulated DSC. The compound of Example 6 (Mn = 592) had a Tg well 
be.ow room .empera.ure (4.2°C). Compounds of Example 7 (Mn = 958), Example 
(Mn - 982), and PLA20OO (Mn - 2150) had Tg's above room .empera.ure (23 C, 

25°C, and 44°C, respectively). 

Theseda tt and.ha.inTable4demons.ra.e,ha,bymodifyingthe ra .urally 

,he rapid bioabsorptionAiodegradation of tire compound of Example 6 w 
Tg-sboveroom.emperaU.re. Thus, ma.eria.swt.hTg, greater .ban room temperate 
20 wlob.ainedbyremoving.owmolecu.arweigh.po.ymers, 

■ m the Mn For polymers of the same chemJca. composition, Tg's are known to vary w«h 

rMnonbep^eraadescribenby.heP^oxe.ation. 

times were shortened by control * weight percent of the slow,y degradmg brgb 

» orystaHine phase. Polymers were fractionated into useful distributions by supecntical 
fluid technic as shown inExamp.es 22 and 23. Useftil distributions were a,ao 
obtainedbyremoving.owmdeoularweigh.po.ymersbythemethodofmolecu.ar 

„ "^tilting — 
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have been previously demonstrated using PHA polymers or the like. For example, one 
preferred application of such formulations is in dry powder inhalers. 

ir.„n pl, 17: Pit " >• Matrices. 

„ is common for smaller molecules (e.g., plaaticizers) to be added to polymers to 
reduce and broaden the Tg, thereby improving the polymer's processing or Oe»b,bty. 
Hence, the possibility existed tha, some drugs migh, behave as plaaticizers when added 
to the polymers, which would reduc* the range of PHAs usenr. for solid preformed 
matrices, for example, as used in dry powder inhaler, Consent.,, the effect of a 
variety of drugs on, he compound of Example 7 was examined. Sutprrstngly, the data ,n 
Table 5 demonstrates that the drugs actually raised .he Tg of.be matrix, allowtng a 
broader range of PHAs .0 be used due «o .be improved handling characteristics of the 
PHA-drug mixture. Thus, comparing the Tg of.be PHA matrix materia, (.he compound 
of Example 7) ,o tire Tg of tit. polymer composition with drug present demonstrated an 
; increase of tbeTg of.be po.ymer/dtug mixoare relative to the Tg of the original matnx 
serial I. is believed that this ability of the drug to improve .be material propert.es of 
U.ema.rixmaterialhaanotb.enreportedpreviously. It will also be recognized that 
other biologically acceptable molecules (e g., excipients) which are no, tire acve agent, 
may be added to improve the matrix material's properties. 
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Table 5. 
Effect of Drug on the Tg of PLA3 



Compound/Mixture V 


LA/Drug Mole/Mole Ratio 


Tg J 


PLA of Example 7 _ 


X 




Chlorhexidine base 


__ _ p 




Chlorhexidine base + PLA ot Ex. / 


1 


37.5 


Chlorhexidine base + PLA of Ex. / 


8 

_ r 


33.6 | 


iLidocaine 




none detected | 


Lidocaine + PLA of Ex. 7 


' i i 


36.7 

26 1 


Lidocaine + PLA of Ex. 7 


4 1 
_ _ 


30?7 


(Lidocaine HC1 






Lidocaine HC1 + PLA of Ex. 7 


1 i 


33.2 

25.1 1 


Lidocaine HC1 + PLA of Ex. 7 


4 f 




(Tetracycline 


~ 0 ' | 


50.5 J 


Tetracycline + PLA of Ex. 7 


1 


36.1 

29.9 n 


Tetracycline + PLA of Ex. 7 


6 ] 




(Tetracycline HC1 


0 " 




(Tetracycline HC1 + PLA of Ex. / 


1 


28.2 

30.5 1 


(Tetracycline HC1 + PLA of Ex. / 


4 




Tetracycline HC1 + PLA of Ex. 7 


6 


[ 29.9 1 


Triamcinolone acetonide 


.0 


none detected 


Triamcinolone acetonide + PLA of Ex. 7 


1 


1 25.7 j 


(Triamcinolone acetonide + PLA of Ex. 7 


4 


24.6 


Triamcinolone acetonide + PLA of Ex. 7 


6 

— — 


26.4 


(Albuterol 




1 48^9 


j Albuterol + PLA of Ex. 7 


1 


j 15.29 


Albuterol + PLA of Ex. 7 


4 
- 


24.3 


Albuterol sulfate (2/1) 




49 


1 Albuterol sulfate + PLA of Ex. / 


1 


24.6 


Albuterol sulfate + PLA of Ex. 7 


5 

__ . _ 


25.9 


(Kanamycin sulfate 




49 


(Kanamycin sulfate + PLA of Ex. 7 


1 


27.6 


Kanamycin sulfate + PLA oi nx. / 


3 


24.5 

22l " 


Kanamycin sulfate + PLA of Ex 7 


~T 7 : 
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Example 28: gjodgoradab je Pnlvmer/Drug Salts. 

Changes in drug melting points (Tm) as determined on a modulated DSC 
provided evidence for salt formation between the drug and the PLA of Example 7 as 
5 shown in Table 6. The salts were prepared by mixing suitable solutions (e.g., acetone, 

chloroform, methanol) of the drug and PLA in the desired ratio, followed by evaporation 
. and extensive drying under high vacuum to remove all traces of solvent. As later 
examples demonstrate, these novel salt complexes alter the bioavailability of the drug 
and can provide a new manner to control drug release. Among the PHAs, alpha-PHAs 
10 are preferred because they exhibit very low pKa's (>3.5) and are rapidly biodegraded. 
Bioavailability frequently correlates with the water solubility of the drug-complex. The 
water solubility of the PHAs is dependent on the molecular weight and the nature of the 
end groups. For example, non-esterified polylactic acid is water-soluble up to a 
molecular weight of 522 (7 repeat units) with some authors reporting up to 882 (12 
15 repeat units) as being water soluble. Acetylated polylactic acids are not water soluble 

beyond 276 (3 repeat units). 

Thus, for example, if an acetylated polylactic acid of molecular weight greater 
than 564 is used it is unlikely to provide a water soluble complex until the chain has been 
hydrolyzed at one ester bond. The molecular weight of the acylated polymer necessary to 
20 provide an insoluble salt is dependent both on the nature of the drug and the end-group 
used. It will be recognized that the characteristics (MW, distribution, chemical nature, 
endgroups, etc.) of the polymer counter-ion will be important to the .ultimate 
pharmacokinetics of the drug. Furthermore, the ability to provide tailored kinetics (e.g., 
zero-order, pulsed) should be possible by blending different polymers. Thus, the 
25 biodegradability of the counterion provides a new method to alter the pharmacokinetics 
of the drug. Additionally, the increased thermal stability of the salt complex over the 
free base drug exemplifies the utility of such polymers as stabilizers. In the preferred 
application (MDIs) the ability of PHAs to form stabilizing salts with amine-containing 
drugs is especially valuable when the salts are soluble in the propellant formulation (such 
— 30 "as in HFCs 134a and 227). 
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Table 6. 



Thermal Properties 



Compound 


PLA/Drug Molar 
Ratio 


Tm, °C 1 


Degradation 
Temperature, °C 


PLA of Examole 7 

X Lii V Vl ******* W * w » 




none 
(amorphous) 


>225 


Chlorhexidine base 


0 


132 


>225 


Chlorhexidine base + 
PLA of Ex. 7 


1 


192 


>223 


Lidocaine 


0 


68 


159 


Lidocaine + PLA of 
Ex.7 


1 


91 


>225 


Tetracycline 


0 


158 


179 


Tetracycline + PLA of 
Ex.7 


1 


>225 


>225 


Tetracycline + PLA of 
Ex.7 


6 


>225 


>225 



Example 29? Pnlvmers Snlnhilizing Aids. 

The insolubility of many drugs, along with the typically poor shelf life (long term 
chemical stability) of those drugs which may form solutions, has presented a general 
problem to formulators. The stabilizing effect of PHAs is presented in Table 6. The 
general utility of PHAs to aid in the preparation of propellant solution formulations has 
been demonstrated, for example, by the ability of polylactic acids to increase the 
solubility of drugs in the propellants HFC 134a and 227. The solubilizihg effect of the 
polymers is demonstrated in Table 7. It also displays the effect of cosolvents and 
polymer structure on the polymer's ability to function as a solubiUzer for a given drug. 
When cosolvents were present, synergistic increases in solubility were sometimes 
observed. The utility of PHAs to provide stable solution formulations provides a 
significant advance in the inhalation drug delivery art. 
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Table 7. 

Snlnhilization of Drugs in Propellant by Weisht-% of PLA 



Drug (%), HFC 



Albuterol base 
(0.01), 134a 



Albuterol 
base(0.05), 134a 



Cmpnd 0%PLA 



0.10%PLA |i%PLA 2.70%PLA 



Albuterol sulfate 
(0.01), 227 



Albuterol sulfate 
(0.01), 227 



Ex.2 



insol 



Ex. 19 insol 



Ex.2 



insol 



Ex. 19 insol 



Budesonide (0.02), 
227 +2%EtOH 



Budesonide 
(0.015), 227 



Butixocort 
propionate (0.08), 
227 



Ex. 19 insol 



Ex. 19 insol 



Ex.2 



insol 



Butixocort 
propionate (0.08), 
227+ 0.5%EtOH 



Butixocort 
propionate (0.08), 
134a 



Chlorhexidine 
(0.05),134a 



Chloriiexidine 
(0.03), 227 



Chlorhexidine 
(0.03), 227 



Dibekacin (0.008), 
134a 



Lidocaine (L0), 
134a 



Liddcaine (1.0), 
227 



Pirbuterol Acetate 
(0.01), 227 



Pirbuterol Acetate 
(0.01), 227 



Rifampicb (0.04) 
134a 



Ex.2 insol 



sol at 0.03% sol 



insol 



insol 



insol 



Ex. 2 insol 



Ex.2 



insol 



Ex.2 insol 



Ex. 19 insol 



Ex.2 



insol 



Ex. 19 insol 



Ex.2 



insol 



Ex. 2 insol 



Ex. 19 insol 



Ex. 19 insol 



insol 



sol 



insol 



insol 



sol 



insol 



insol 



* data not collected 



insol 



sol 



sol 



sol 



insol 



sol 



sol 



sol 



insol 



sol 



sol 



sol 



sol 



sol at 5% 



sol at 3.4% 



sol 
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The PLA formulations shown in Table 8 were prepared and 
release in vivo. PLAs were used to prepare solution and suspension aerosol 
formulations using the following general method. The drugs and PLAs were weighed 
5 into a 120 mL glass aerosol vial along with the cosolvent if needed. A continuous or 
metered valve was crimped onto the vial and the vial was pressure filled with propellant, 
either HFC 134a or HFC 227, to provide a stock solution containing the desired weight- 
% of PLA and drug. The stock solutions were then used as is or cold-fill transferred to 
15 mL vials equipped with metered dose valves using techniques known in the art. The 
io following drugs were used: 4-amino-a,a,2 

ethanol ("IMQ") and disclosed in Comparative Example CI in U.S. Patent No. 
5 266 575" 2,5-diethyl-10-oxo-l,2,4Wolo^ 

("PD4") and disclosed as Example 148 in U.S. Patent No. 4,981,850; l-(l-ethylpropyl)- 
l-hydroxy-3-phenylurea ("5LO") and disclosed as Compound 42 in International 
IS Publication No. WO 96/03983; butixocort propionate ("BTX"); and beclomethasone 
dipropionate ("BDP"). 



Table 8. 



Formula 


HFC 


Drug; wt-% 


PLA Cmpnd; wt-% 


Cosolvent; wt-% 


Example 30 


227 


IMQ; 0.079 


PLAofEx. 9; 0.83 


EtOH; 9.3 


Example 31 


227 


BDP; 0.337 


PLAofEx. 13; 3.37 


EtOH; 8.0 


Example 32 


134a 


BTX; 0.32 


PLAofEx. 1; 3.36 


EtOH; 7.7 


Example 33 


227 


PD4; 0.09 


PLAofEx. 1; 1.15 


EtOH; 8.3 


Example 34 


227 


5LO; 0.091 


|PLAofEx.3;0.91 


EtOH 13.2 



20 

FTam ple 30: Sustained Release of IMQ. 

The formulation of Example 30 in Table 8 and its PLA free analogue were 
administered to mice by inhalation. Typical inhalation exposure systems were comprised 
of but not limited to, an aerosol generator, e.g., an MDL an aerosol expansion space, 
25 and a housing device which ensures the animals must inhale the aerosol, e.g., a flow-past 
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inhalation chamber. Typically, the animals were exposed to 20 actuations per minute for 
25 minutes of an MDI generated 2 micron average MMAD aerosol. Lung lavage and 
bleeding of the exposed mice, were performed by standard methods known to those 
skilled in the art and tumor necrosis factor (TNF) analyses were performed by an ELISA 
method specific for TNF in the mouse (Genzyme Immunobiologicals, Cambridge, MA). 
TNF is a marker for this drug's activity. Pulmonary therapy application of IMQ prefers 
drug activity localized in the lung. Therefore, it was desirable to maintain high levels of 
drug in the lung and minimize systemic drug. However, this formulation and method 
could also clearly be used to provide long term release of IMQ or analogous compounds 
for systemic applications. The results are presented in Table 9. The lavage numbers are 
measurements of TNF levels in the lung while the serum levels measure systemic TNF 
levels. 



Table 9. 



15 



Time (hours) 
after dosing 



IMQ with Compound of Ex. 
9. TNF level (pg/ml) 




72 

* data not collected 



IMQ alone 
TNF level (pg/m 



These results show that IMQ alone produced the greatest activity, as seen by 
TNF production, in the serum rather than the lung lavage. The addition of PLAreversed 

20 this result by causing the greatest activity of TNF production in the lung along with the 
longest duration of activity in the lung. IMQ was used in its free base form and thus 
formed a biodegradable salt complex with the compound of Example 9. This 
biodegradable polymer-IMQ salt was soluble in the HFC based propellant system. This 
example also demonstrated the generation of microspheres for sustained release, and the 

25 utility of biodegradable polymeric counterions in drug delivery. 
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Example 31: Sustained P lease of BDP. 

■ The formulation of Example 3 1 in Table 8 and its PLA free analogue were 
administered to adult dogs by inhalation. Sedated dogs were intubated with a low 
pressure cuff endotracheal tube (Hi-Lo Jet®, Mallinkrodt, Glen Falls, NY). The side 
port was fitted with a Delrin® actuator and the MDI was fired through the side port 
tube, typically 20 times over 10 minutes. Serum samples were collected over time and 
analyzed for the beclomethasone dipropionate metabolite, specifically free 
beclomethasone. The results are presented in Table 10. 



o 



Table 10. 



Time (minutes) after 
dosing 



-9 



63 



122 
183 



242 
296 



357 



Beclomethasone in Serum (pg/ml) 



BDP with Compound of Ex. 

13 



0 



0 



46 



72 



195 
238 



237 



335 



BDP 



31 



75 



68 



72 



70 



80 
100 



These results show that BDP alone produced serum metabolite levels quickly, 
suggesting low residence time of BDP in the lung. BDP/PLA not only caused a delay in 
15 the appearance of metabolite in serum, but also resulted in higher levels over a longer 
time; showing the BDP/PLA formulation resulted in longer lung residence time. Prior 
experiments indicated BDP alone typically had reached peak concentrations by 350 
minutes after exposure. BDP is a steroid and lacks the ability to form a salt complex 
with the compound of Example 13. Hence, this example demonstrates the utility of 
biodegradable polymeric-hydroxycarboxylic acids with hydrophobic drugs in sustained 
release drug delivery. This biodegradable polymer and non-salt forming steroid were 
soluble in the HFC-based propellant system and provide another example of the 
generation of microspheres for sustained release. 



20 
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The formulation of Example 32 in Table 8 and its PLA free analogue 
delivered into the respiratory track and lungs of adult dogs. Sedated dogs were 
intubated with a low pressure cuff endotracheal tube (Hi-'Lo Jet®, Mallinkrodt, Glen 
Falls NY). The side port was fitted with a Delrin® actuator and the MDI was fired 
through the side port tube. Blood samples were collected from the dogs and the primary 
metabolite of BTX (JO-1605) was assayed. The results are presented in Table 11. 



10 



Table 11. 



15 



20 



Time (hrs) after 
dosing 



BTX with the 
Compound of Ex. 1 



Metabolite Levels (ng/ml) 




BTX 



* data not collected 



These results showed after the BTX exposure, the appearance of metabolite (JO- 
1605) in the blood was rapid, peaked soon, and diminished quickly. The addition of the 
Compound of Example 1 to BTX caused the presence of JO-1605 to be greatly extended 
compared to the non-PLA formulation, _Thus, PLA formulations exhibited an mcreased 
drug residence time in the lungs. BTX is a steroid and lacks the ability to form a salt 
complex with the polymers. Hence, this example demonstrates the utility of 
biodegradable polymeric-hydroxycarboxylic acids with hydrophobic drugs in sustained 
release drug delivery and provides another example of the generation of microsphere 
particles for sustained release. 



61 



FT a mnle33: S ustained Release of PD4. 

MDI Formulation Example 33 in Table 8 and its PLA free analogue were given 



to mice by inhalation and the amount 



of PD4 was determined for lung lavage fluid and 



serum. Typical inhalation exposure systems were comprised of but not limited to, an 
aerosol generator, e.g., an MDI, an aerosol expansion space, and a housing device 
which ensures the animals must inhale the aerosol, e.g., a flow-past inhalation chamber. 
Typically, 15 mice were continually exposed to a 0.88 micron MMAD aerosol generated 
from a pressure vessel for 1 1 minutes. The results are presented in Table 12. 



3 



Time (minutes) 
after dosing 
10 
60 


PD4 with the Compound of 
Ex.1 (ue) 


PD4 (u 


g) 


Lavage 

0.342 
0.146 


Serum 

2.81 
2.02 


Lavage 

| 0.032 
0.008 


Serum 

3.19 
7.38 



These results show that PD4 alone produced small levels of drug in the lung 
lavage fluid and large proportional amounts in the serum. PD4/PLA priced mueh 
,5 greater levels of drug in the lavage fluid and smaller proportional amounts in the serum, 
especially after 60 minutes past exposure, suggesting that PLA iaused longer lung dnrg 
residence time. This example demonstrates the utility of sustained release, located 
delivery aerosol formations, and salt formation. 

20 F.v«mnle 34: S prained Release of 5LO. 

The formulation of Example 34 in Table 8 and its PLA ftee analogue were gtven 
to male Hartley guinea pigs by inhalation and evaluated by the guinea pig early phase 
anaphylactic response test. Typical inhalation exposure systems were compnsed of an 
aerosol generator, e.g., an MDI, a 150 ml aerosol expansion chamber, and a trachea 
25 cannula. Each guinea pig received 4 actuations containing 32 ug drug/ actiration. The 
guinea pigs were antigen (ovalbumin) challenged at varied times and pulmontuy 
dynamic compliance was tested using a Buxco pulmonary mechanics analyzer (Buxco 
Electronics, Sharon CT) according to the method of Amdur and Mead (The Amencan 
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f Physiology, Vol. 92, pp. 364-368 (1958)). The results are presented in 



Journal o 
Table 13 



Time (minutes) of challenge 
afte r dosing 
15 



Table 13. _ 

Pr-w inhihitinn of Bronchoconstnction 



5LO with the compound of 

EX;_3 

* 




5LO 

67% 



10 



120 

* data not collected 



These results show that .he activity of 5LO as measured by bronchoconsmctton 
inhibition was nearly a. background a. the 60 minute time point compared to the acnvtty 
of 5LO/PLA which exhibited activity out to at leas, 120 minutes. Thus, PLA caused 
sustained activity of 5LO. 



Eagno to 35-60: 7 - ■■*-" *"<'»i"ed Release Studies , 

To minimize tire use of animals associated with the ft vivo studies a number of m 
,5 vitro studies were conducted ,ofitrti,er exemplify tine invention. These studies were 
has* on tire release of dnag ftom an PLA-dmg impregnated matrix. The matnx was 
used to facilitate easy handling of the systems and did no, affect the ■--»"»• 
In a typica. example, the dntg (exempted by lidocahte (1.46 mg, 6.24 mM» and 
(exempted by tite compound of Exampie .0) were dissolved in ,25 
a ^ of this section, 72 filter paper disks (one inch diameter, were added and afiowed 
- to soak for 15 hours. After air drying, , he drug/PLA impregna,ed disks were dned 
under reduced pressure (0.05 mm Hg) for 2 hours. The disks were tite placed . 
separate 1 ounce vials conuining 5 mL of 0.02 M achate buffer. A, the deseed tes, 
times an al,,uo, was removed, acidified with 0.1 M HC, to a P H of 1, and filtered 
V through a 0.2u PTFE filter (Millipore) and the ahsorbance read a, the destred 

wavelength (eg., 264 nm for lidocaine) to determine tite amount of drug released. 
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dal a in Tab, 14 pre-, .he effect ,ha, ,he PHAs had on ,he ,e,ease of th ^ 
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The PHA formulations shown in Table 1 5 were prepared for use within metered 
dose inhalers. PHAs were used to prepare solution and suspension aerosol formulates 
of the invention using the following general method. The active agent and PHAs were 

: (120 mL) glass aerosol vial along with the cosolvent if 



weighed into a four ounce ' 
needed. A continuous valve was crimped onto 



the vial and the vial was pressure filled 
with 'propenan,, either HFC 134a or HFC 227, to provide a stock soiution containing 
the desired weight-% of PHA and drug (option.,, with a convent). !»*.*- 
viais ahowed visual evaluation of the formation. Using standard .echoes ta*. . 
the art, ,he formulations were chilled wsth dry ice ,„ .Uow co.d transfer to smaUer «* 
l0 pipped with metered dose va,ve, The metered dose valves were then actuated and 
, he mass median aerodyne diameters (MMAD) of the aeroso. thus produced were 
determined using a Quartz crystal microbalance. 




* data not collected 
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Tnese resuHs show a vaHe„ of PHAs are capaoie of being o— ^ 

formations were capabie of generating micropar.ic.ea composed of PKA and 
median aerodynamic diameters suitable for inbalatton. 



mass 



, ZL NounneoeasaryUmiuaonsaretobeundera.ood.herefrom. The 
understanding only. Nounnc^ fnr variations apparent 

• t limited to the exact details shown and described, for variations app 

reference. 
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